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THE CANCER PATIENT* 
PRESIDENT’S ADDRESS 
By GRANT BECKSTRAND, M.D. 


LONG BEACH, CALIFORNIA 


WISH to thank the members of the 

American Radium Society for the great 
honor of serving as your President. Indeed, 
I feel very humble before such a brilliant 
group of scientists in attempting to deliver 
a Presidential Address. Some of you have 
been my teachers and have greatly in- 
fluenced my thinking and my life. Many 
of you have been largely responsible for 
much of our knowledge of ionizing radi- 
ation and its effect upon normal and ab- 
normal Others have made out- 
standing contributions in the application 
of this knowledge to the cancerous proc- 
esses. Amongst us, there are those who 
have contributed immensely to the knowl- 
edge of functions of the cell, both normal 
and abnormal. Many members of the So- 
ciety have been explorers and leaders in 
developing new surgical procedures and 
in extending others to encompass and 
eradicate a greater number of cancers. It 
is noteworthy that such a Society as this 
exists; a Society where the pure physical 
scientist, the chemotherapist, the radio- 
therapist and the surgeon can meet at the 
same time to discuss new discoveries, new 
applications of research and the resultant 
effects upon cancer and the cancer patient. 


tissues. 


[ am pleased with this Program and the 
outstanding scientists and clinicians who 
participate in it. It covers research and 
clinical achievements of which we can 
well be proud. You will note that the pres- 
entations include all phases of research 
and therapy as they relate to cancer. The 
final analysis is that we are here to ex- 
change ideas to further the needs of man; 
to add comfort to his life and lengthen his 
span of years. 

Much progress has been made in re- 
search. Great minds are spending tedious 
and often heartbreaking long hours in the 
search of every avenue and alley—many 
blind ones—for more knowledge of the 
processes of life, cellular metabolism and 
the influences of the cancerous processes 
upon the body and, conversely, the in- 
fluences of the body hormones and func- 
tions upon the cancer itself. 

It is gratifying to see such an increase in 
the number of research grants and greater 
well-directed efforts to research from all 
angles. Progress indeed it has been in 
thirty years. Previous to that time the 
amount of monies that had been expended 
upon cancer research in all time amounted 
to under ten million dollars. Today, with 
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increase in our knowledge and with the 
financial aid of the Government, the 
American Cancer Society and other well- 
directed agencies, new channels of re- 
search development have increased a hun- 
dredfold. The amount of money available 
should be greatly increased to direct intelli- 
gent young Americans into cancer re- 
search. 

In industry, immense amounts of money 
are spent to make life easier for us. Du 
Pont alone maintains twenty-six hundred 
people in constant investigation, one de- 
partment spending sixty-one million dol- 
lars last year in research. Forty million 
dollars were expended for the development 
of dacron. These amounts are small in 
comparison to that allocated by 
other companies for research. 

What a tremendous progress this is from 
the hardships and heartaches suffered by 
Marie and Pierre Curie in their isolation 
of a small amount of radium from pitch- 
blende. Compare their leaky and cold 
quarters of just sixty years ago with the 
spotless white walls of the laboratories of 
today. We are humbly and deeply in- 
debted to them; but no less so to the later 
researchers; to those here and those not 
here who have shortened and perhaps lost 
their lives in the quest of greater knowl- 
edge of ionizing radiations and their effects 
upon normal and abnormal tissues. It is 
paradoxical that with the immense knowl- 
edge at hand the death rate from cancer 
continues to mount. 

The cancer processes are as great as 
those of life itself. Indeed, in battling these 
processes, the human body, its normal 
physiology and psychology must be con- 
stantly weighed. One fact is clear: the can- 
cer patient and not the cancer alone must 
be treated. The many factors concerned 
with the complex make-up and functioning 
of an individual also influence the reaction 
of various cancers. Why do some breast 
cancers in certain hosts react so compara- 
tively benign or lend themselves to easy 
control for months or years, while the same 
type of tumor in another individual may 
be an overwhelmingly malignant disease 
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from the start? Why do some metastatic 
bone lesions lie dormant for years before 
they assume a slow or rapid course, and 
why does cancer in an individual develop 
and become controlled, only to have 
another cancer show up in the same indi- 
vidual, and spread like wildfire through a 
tinder dry hillside? These are problems 
which must await the future for an ex. 
planation. Age, physical and mental con- 
dition explain only part of these actions 
and reactions. In treating a cancer patient 
all of these facts must be considered, 
Though we must follow acknowledged 
procedures, nevertheless, the patient must 
always be carefully evaluated not only at 
the beginning of any therapy but his reac- 
tions to the treatment constantly kept un- 
der surveillance and frequently re-eval- 
uated. These are principles which have 
long been known and which will always be 
guideposts. The same principles apply 
whether the treatment is radiation ther- 


apy, hormonal therapy, chemotherapy, 
surgery, or some combination of these 
modalities. 


The principles of surgical treatment for 
cancer have long been recognized as a pro- 
cedure to encompass the growth. Some 
new procedures have been devised. Today 
the patient is better managed by more 
complete understanding of body chemis- 
try, electrolyte balance and surgical judg- 
ment. Add to these the important thera- 
peutic agents of blood transfusions, anti- 
biotics and chemotherapy to combat in- 
fection. Palliative surgical procedures may 
vary as much as palliative radiation ther- 
apy-——-and are directed toward relief of 
symptoms and prolongation of life. 

The pathologist is an all important part- 
ner in the evaluation of the diseases and the 
treatment of the patient. Histologic studies 
for determination of extent of surgical or 
radiologic procedures must be repeated 
often many times. 

I should like to mention a few of the pit- 
falls that all of us must avoid. Neoplastic 
disease is too frequently missed in the set- 
up of the patient for radiation therapy. A 
neck lymph node is far too often biopsied 
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before complete or repeated examinations 
are done for discovery of the primary site 
of the disease. Multiple internal mammary 
and axillary lymph node biopsies are not 
in keeping with sound surgical judgment 
in the treatment of breast cancer. Such 
procedures, in contradistinction to en 
bloc dissection, can only diminish the op- 
portunities for cure. Innumerable patients 
with cancer of the cervix have lost chances 
of recovery because simple hysterectomies, 
too often called radical, have been done 

done because such well qualified surgeons 
and investigators as Meigs, Taylor, Twom- 
bly and others have launched clinical re- 
search to determine what proper radical 
surgery would do for the patient with 
uterine cervical cancer. The word surgery 
for uterine cervical cancer has seemed to 
extend a license for indiscriminate hyster- 
ectomy to many who have surgical privi- 
leges in hospitals. Further, many details of 
care are forgotten. Cancer patients are 
often old, anemic, ill and usually greatly 
apprehensive and have the natural desire 
to live and be comfortable, regardless of 
age. They are human beings. As practicing 
physicians it behooves us to encourage 
them and make life as easy as possible for 
them. The patient with cancer of the 
mouth or throat needs frequent irrigations 
and often nasal feedings while under radi- 
ation or surgical therapy. Numerous laryn- 
geal examinations are essential during the 
course of the treatment to determine the 
reaction of the normal and abnormal tis- 
sues. Diet is often insufficient due to 
nausea and inability to swallow. In private 
practice the necessary adjuncts should be 
administered by the cancer therapist. It is 
not in the best interests of medicine, pub- 
lic relations or the sick patient to shuttle 
him from office to office for various phases 
of his therapy when he can ill afford to ex- 
pend the energy or the money. The radiolo- 
gist who assumes the responsibility of treat- 
Ing cancer must be prepared for repeated 
examinations and it is his responsibility and 
not the referring physician’s to carry out 
proper cleansing, dietary and other thera- 
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peutic measures. These are but a few of 
the errors in the treatment of the cancer 
patient that are well known today. If 
great energies are expended by you and 
other investigators, then I think we should 
heed and use all this knowledge. 

Disfiguring or mutilating operations are 
unfortunate and if not properly evaluated 
and selected are to be condemned. What 
doctor or individual, however, is qualified 
to withhold information or advise against 
such surgery if, when well selected, it may 
offer a cure? The patient and the family 
must make these decisions only after it has 
been honestly and intelligently presented 
by a qualified physician. Therefore, it be- 
hooves all physicians, when advising the 
cancer patient or writing for lay consump- 
tion regarding cancer, to weigh carefully 
these facts before condemning any pro- 
cedure. 

We are not, in many cases, taking full 
advantage of what we know. Some of the 
fault lies in our medical schools and our 
teaching services, where too often the can- 
cer patient is presented to students, from 
not any particular department, by an in- 
structor who may have little interest in 
or knowledge of cancer and the cancer pa- 
tient. 

Time changes many things. Progress has 
been made. The future will open up many 
other avenues. Chairs of Oncology are be- 
ing created in medical schools; tumor 
boards are being formed. A genuine and 
increasing interest is being shown in can- 
cer and the cancer patient, both by the 
medical profession and the public. The 
number of cures of cancer is increasing. 
There are still long hard roads to travel 
and progress will be slow and painful. We 
grow strong against these difficulties and 
thus individuality and character develop. 
We admire those individuals who have 
conquered these hardships and made their 
struggles successful—successful so that 
life’s burdens and hardships may be made 
easier and less painful. 


1ogo Atlantic Avenue 
Long Beach, California 
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APPROXIMATION TECHNIQUE IN TREATMENT OF 
CANCER OF THE CERVIX WITH IRRADIATION* 


By CHARLES L. 


MARTIN, M.D. 


DALLAS, TEXAS 


N THIS era in which the radical sur- 

geon and the radical radiologist is each 
striving to push his attack on cancer of 
the cervix beyond the confines once 
thought to be practical and safe, it seems 
fitting to again voice two of the most 
fundamental axioms for treatment. First, 
that the best procedure must produce the 
largest number of cures with the smallest 
number of persistent sequelae and second, 
that the patients receiving a new plan of 
therapy should be made to feel better 
rather than worse. It is indeed difficult to 
impress a cancer patient with the merits 
of a new procedure which apparently 
eliminated her malignant tumor when she 
is suffering from a painful intestinal reac- 
tion or a secondary chronic urinary dis- 
order. Perhaps a third axiom’ should 
specify that the method selected should be 
the most economical one as regards time, 
expense, and equipment so long as the 
first axiom is met. 

The author entered the field of radiation 
therapy some thirty-six years ago and was 
soon impressed by the sequelae which fol- 
lowed heavy doses administered to the pel- 
vis with the equipment available at that 
time. A series of animal experiments?~° 
was conducted from 1920 to 1926 which 
indicated that the mucous surfaces of the 
normal structures in the pelvis could be 
severely damaged and that a certain degree 
of conservatism must be adopted if lasting 
ill effects were to be avoided. Since the 
uterine cervix is surrounded by the rectum, 
the bladder, and the ureters, all of which 
are radiosensitive, and since metastatic 
lymph nodes from cancer of the cervix 
may be in close contact with the sigmoid 
colon and loops of small intestine, the 
treatment of cancer of the cervix and its 
extensions poses a real problem. These 


anatomic facts necessitate a fourth axiom, 
namely, that the dose of irradiation which 
should be administered to the cervix and 
the pelvic lymph nodes is sharply limited 
by the tolerance of the surrounding nor- 
mal structures. Even though very large 
doses can be delivered into the pelvis with 
the cobalt bomb and supervoltage roent- 
gen-ray machines with little or no resulting 
skin damage, the tolerance of the deeper 
structures still puts a strict limitation on 
the amount of irradiation which can be used 
with safety. Those who are unfamiliar 
with the untoward effects that may ap. 
pear long after the treatment is given 
should not be carried away by the impres- 
sive depth dose charts which at first 
glance seem to promise so much. 

Engineers and physicists, many of whom 
have had little or no clinical or biologic 
experience, are striving to devise plans for 
delivering large homogeneous doses to the 
uterus and all of its pelvic lymphatics 
with rays delivered from external sources. 
Whether the volume of tissue irradiated 
be a sphere, an ovoid, or have some odd 
shape, it must, of necessity, be large and 
contain some parts of the adjoining radio- 
sensitive organs. All experienced thera- 
pists know that doses must be steadily de- 
creased as volume is increased if a margin 
of safety is to be assured and the author 
believes that the delivery of a homogeneous 
cancerocidal dose to a sphere which in- 
cludes the entire pelvis is a hazardous pro- 
cedure. 

As we have gained experience through 
the years with numerous rather empirical 
approaches to the treatment of cancer of 
the cervix, we have been slowly led to the 
adoption of a rather conservative method 
which has as its objective the delivery of 
adequate doses precisely to the malig- 
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nant tissue known to be present. It seems 
to us that this method might be aptly 
called an approximation technique since an 
attempt is made to bring large doses in 
close approximation to the malignant 
tumor, thereby reducing the amount of nor- 
mal tissue irradiated to a minimum. The 
success of this procedure depends upon the 
careful delineation of the tumor and its 
extensions by pelvic examination. Some 
will immediately contend that our failure 
to cover the whole pelvis more adequately 
may leave some cancer cells poorly treated, 
particularly in the more distant lymph 
nodes. Be that as it may, the value of the 
method should be judged by the results ob- 
tained and the elimination of sequelae 
rather than by theoretical considerations. 

[In 1936, we adopted a technique designed 
to eliminate irradiation injuries by using 
relatively small amounts of radium and 
roentgen therapy as efficiently as possible 
and in 1943 a report? was made on 149 
consecutive cases studied for two to six 
vears in which irradiation sequelae were 
almost completely absent. Although the 
period of study was inadequate, the sal- 
vage rate was promising. Obviously, ap- 
proximation can best be accomplished by 
the local use of multiple sources of ir- 
radiation, and as we became familiar with 
the work of Pitts and Waterman™ our 
radium capsule technique was augmented 
by the use of implanted low intensity 
radium needles. The basic principles of the 
technique as it is used today were pub- 
lished in 1948’ and this paper is prepared 
as a review of the work done in 1948 and 
1949. 

Although some external roentgen ther- 
apy is used, the most important part of our 
procedure consists of the use of small 
radium sources placed so that no portion 
of the malignant tumor receives less than 
6,000 gamma roentgens in seven days. 
Since squamous cell carcinoma of the skin 
and mouth** responds quite well to this 
dosage, it seems reasonable to use it for 
squamous cell carcinoma of the cervix. If 
the time factor illustrated by the Strand- 
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quist curve is correct, the biologic effect is 
much greater than that produced by 
6,000 roentgens delivered by an external 
source in four to six weeks. No attempt is 
made to deliver homogeneous doses _be- 
cause the irregular configuration of many 
of the cervical tumors and their extensions 
would render such a plan very difficult, in- 
deed, and the results obtained indicate 
that it is only necessary to keep the point 
doses within safe limits. These point doses 
in the cervix and in the center of an in- 
durated parametrium may run as high as 
15,000 roentgens in seven days but the 
upper limits must be adjusted to protect 
adjoining normal structures and, obvi- 
ously, this factor varies in each case. 

An approximation technique must be 
very flexible because no. two lesions pre- 
sent exactly the same problem. The uterus 
may be very large or very small; the 
vaginal vault may be markedly contracted 
or voluminous; the cervix may be cen- 
trally placed or drawn to one side; the 
cervical canal may be centrally or ec- 
centrically placed and at times it cannot be 
located at all. Carcinoma of the cervix 
may grow as a concealed tumor within the 
canal or form a huge cauliflower mass that 
fills the vagina, and its visible and pal- 
pable extensions may invade the vaginal 
walls, the parametrium, the rectum, the 
bladder, or the fundus of the uterus. For 
the proper approximation of radioactive 
sources, one must acquire a familiarity 
with the female pelvis as well as a knowl- 
edge of dosage calculations. 

As a primary procedure, every patient 
is examined under an anesthetic. Cauli- 
flower masses are removed by electro- 
surgery so as to stop bleeding and reduce 
the mass to be treated to the smallest pos- 
sible size, and the cervical canal is located 
and dilated if possible so that the extent 
of the disease inside the uterus can be 
ascertained. 

Then, one of two basic radium tech- 
niques is started. If the primary lesion is 
small and definitely localized to the cer- 
vix and little or no evidence of extension 
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can be made out, our original multiple 
capsule technique is used. A heavily fil- 
tered capsule containing two 25 mg. seg- 
ments is placed in the cervical canal while 
the patient is anesthetized and left in place 
for about 30 hours. On the day after it is 
removed, 25 mg. London spools are placed 
well out in the vaginal vaults for a period 
of 24 to 28 hours. The third treatment con- 
sists of the application of 50 mg. of radium 
divided into two or more units so arranged 
that they are in accurate contact with the 
visible lesion on the face of the cervix for 
24 hours. This entire procedure, which de- 
livers a large dose well beyond the de- 
monstrable tumor, is carried out in a period 
of a week and the shape of the area re- 
receiving not less than 6,000 roentgens in 
an idealized cervix is indicated in Figure 1. 
The use of single complex applicators de- 
signed to carry out this entire technique 
at one sitting is purposely avoided because 
the flexibility of our method enables the 
operator to approximate the radium units 
to the malignant tissue regardless of the 
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Fic. 1. One arrangement of 25 mg. radium units 
used for treatment of early cervical carcinoma 
carried out within a period of seven days. The 
crosshatched area 
gamma rozntgens. 


receives not less than 6,000 
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anatomic variations which may be en. 
countered. Even though it may add little 
to the end result, we maintain an old cus. 
tom of administering 600 roentgens meas. 
ured in air to each of four pelvic portals 
measuring 15 by 1§ cm. with standard 
roentgen-ray equipment. Two portals are 
placed anteriorly and two posteriorly and 
the beams are directed at the sides of the 
pelvis. Usually, the roentgen treatments 
are given between radium applications so 
that the patient is ready to leave the hos- 
pital at the end of a week. This procedure 
is carried out with the full knowledge that 
a few cases with distant lymph node in- 
volvement will not be cured. However, the 
excellent cure rate obtained and the ab- 
sence of persistent sequelae coupled with 
the questionable curability of involved 
distant lymph nodes with any type of 
therapy have induced us to continue this 
very satisfactory method for all early 
lesions. Usually, all symptoms, except a 
slight discharge from the radium reaction 
on the face of the cervix, have disappeared 
in six to eight weeks and the patient is 
rapidly returned to a normal life following 
the use of this relatively economical pro- 
cedure. Local recurrences are practically 
never observed and deep seated recur- 
rences can still be treated with external 
irradiation as a_ palliative procedure if 
they appear at a later date. 

If at the time of the first examination, 
the primary lesion is large or 1f invasion of 
the neighboring structures can be made 
out, an entirely different technique 1s in- 
stituted. In such cases, an attempt is made 
to insert low intensity radium needles into 
all of the involved regions so as to ad- 
minister cancerocidal doses in a period of 
seven days. These needles, which have 
previously been described in detail,'® seem 
to produce the least damage to normal tis- 
sues of any of the radium applicators used 
in the pelvis, and they can be accurately 
approximated to all palpable and _ visible 
extensions of cancer of the cervix. Their 
relative safety is based on their very low 
intensity which necessitates a long period 
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Section B 


Fic. 2. One of many possible arrangements of low intensity radium needles and a central capsule containing 
two 12.5 mg. units for treatment of cancer of the cervix with parametrial extension. When the figures 
are multiplied by 1,000, they represent the large spot doses expressed in gamma roentgens which may be 


delivered in the sides of the pelvis. 


of treatment. The needles used in our 
clinic have active lengths varying from 1.5 
to §.0 cm. and the loading varies from 
0.66 to 0.88 mg. per cm. The estimation 
of dosage is rather difficult, but after cer- 
tain standard patterns have been worked 
out, an experienced operator can carry 
out implantations which efficiently irradi- 
ate tumors of irregular size and shape with- 
out making complicated calculations. In 
treating lesions which extend into the 
uterine cavity, the efficiency of the meth- 
od is improved by using a long low inten- 
sity radium capsule in the cavity as advo- 
cated by Pitts and Waterman. An idealized 
pattern is shown in Figure 2, and it is 
obvious that the patterns can be varied so 
as to include vaginal extensions and _ in- 
volvement of the parametrium. Although 
the point doses indicated in the diagram 
are very large, they can be so localized that 
no persistent sequelae are produced in the 
neighboring normal organs. 

During the past twenty years, we have 
been convinced that metastatic squamous 
cell carcinoma growing in lymph nodes 


can be controlled only when the doses of 


Irradiation administered are larger than 
those needed for the primary lesion. It was 


discovered many years ago that such large 
doses can be given safely to fairly large 
areas when heavily filtered 200 kv. roent- 
gen rays are combined with the gamma 
rays of radium. This combined type of 
therapy has been used successfully in treat- 
ing metastatic cervical lymph nodes, and 
the techniques and results have been re- 
ported in several previous articles." In 
recent years, roentgen therapy has been 
used cautiously over the sides of the pelvis 
to augment dosage from low intensity 
radium needle implants in_ the para- 
metrium. Since rather large total doses 
can be given to the sides of the pelvis in 
this manner without producing § serious 
sequelae, it seems reasonable to assume 
that involved lymph nodes in the treated 
regions may be controlled. The roentgen 
ray factors are 220 kv., a filter of 0.5 mm. 
of copper and 1.0 mm. of aluminum, and 
a target skin distance of 80 cm. Two op- 
posing 13 by 15 cm. portals are given 200 
roentgens measured in air daily to one side 
of the pelvis while the needles are in place 
until each portal receives 1,200 roentgens. 
The roentgen therapy may be repeated at 
six to eight week intervals until two and 
sometimes three series have been given. 
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Fic. 3. Two cases with vaginal wall involvement treated with the low intensity radium needle technique. 
The diagrams indicate the locations of the outer needles in each pattern. Both patients have remained 
well for five years and four months without symptoms or sequelae. 
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Fic. 4. Roentgenograms indicating the flexibility of the radium needle technique. The implant on the left 
was done for a carcinoma of the cervical stump with beginning parametrial invasion, while the one on the 
right was done for a stump lesion with invasion of the right parametrium and upper two thirds of the 
posterior vaginal wall. Both patients have remained well and free of sequelae for more than five years. 


Usually, all visible tumor tissue has whose prognosis is rendered hopeless by 
disappeared in six to eight weeks and _ extensive retroperitoneal disease or distant 
parametrial infiltration is slowly reduced lymph node involvement often show much 
to a band of fibrosis. Even those patients improvement with cessation of hemorrhage 


Fic. 5. Large carcinoma of the cervix with induration in the right parametrium extending to the pelvic wall 
treated with low intensity radium needles and two series of roentgen treatments. At seven months the 
cervix was smoothly healed, the patient was symptom free, and the pyelogram on the right indicated that 
the hydronephrosis and dilatation of the ureter on the right side had been relieved. 
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Fic. 6. Large carcinoma of the cervix with indura- 
tion of left parametrium extending to pelvic wall 
and no function of left kidney treated with low 
intensity radium needles and two series of roentgen 
treatments. A careful study of all pelvic tissue 
removed by a Brunschwig operation performed 
in another city at two years and four months 
revealed no evidence of carcinoma. The patient 
was symptom free at last visit to our clinic before 
surgery. 


and relief of discomfort for periods of six 
to eight months. 

A most gratifying and unlooked for re- 
sult obtained in some of the more ad- 
vanced cases consisted of the relief of 
ureteral obstruction produced by tumor 
tissue growing in the parametrium. Many 
of our critics have suggested that the im- 
plantation of long low intensity radium 
needles near the ureters might produce r- 
radiation strictures, but the result illus- 
trated in Figure 5 indicates that obstruc- 
tion can actually be relieved. Others have 
contended that the residual parametrial 
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thickening which we have interpreted as 
fibrosis is really produced by uncontrolled 
carcinoma. That such is not always the 
case is illustrated in Figure 6. Here, no 
histologic evidence of malignant disease 
could be found in the specimen removed at 
operation. 
RESULTS 

During the years 1948 and 1949, a total 
of 84 cases of carcinoma of the cervix was 
admitted to our clinic. In two, a diagnosis 
of carcinoma in situ was established. They 
were both treated with our multiple cap- 
sule technique and were perfectly well and 
free of any evidence of disease at the end 
of five years. Four cases were so far ad- 
vanced and in such poor general condition 
that no attempt was made to give adequate 
therapy. This leaves a total of 78 patients 
with proved infiltrating carcinoma of the 
cervix who received one of the techniques 
described above. The end results are tabu- 
lated in Table 1. No persistent sequelae 
which could be attributed to the treatment 
were observed except in one patient. In 
this case, the primary lesion was quite 
large, and a small ureterovaginal fistula 
developed after the cervix was smoothly 
healed. It seems possible that one of the 
long needles may have been forced into 
the ureter at the time of treatment. All 
symptoms were relieved by the removal 
of the kidney on the involved side and no 
evidence of carcinoma could be found at 
the end of five years. 


TABLE | 
CARCINOMA OF THE CERVIX 


Admitted 1 948-1949 


Total No. of Cases 84 
Cases of carcinoma in situ 2 


4 


Cases not adequately treated 4 


Cases of Invasive Carcinoma Adequately 


Treated 7d 
Cases Well and Symptom Free Five or 

More Years 43 
Absolute Cure Rate 52.4% 
Adequately Treated Cases Well 55.1% 
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The absolute cure rate of 52.4 per cent 
i; much higher than the average reported 
in most clinics because we have stressed 
the importance of early diagnosis in teach- 
ing clinics for many years and are for- 
tunate enough to receive a high percentage 
of favorable cases. An attempt has been 
made to classify our material (Table 1) 
according to the more recent League of 
Nations specifications but in our experience 
such a classification is rather unsatisfac- 
tory. For example, it was found so difficult 
to decide whether certain lesions should be 
placed in Stage 1 or Stage u that we finally 
placed all tumors which did not extend 
entirely to the pelvic wall or involve the 
lower third of the vagina and showed no 
rectal or bladder invasion in one favorable 
group. More than half of our cases were so 
classified and the cure rate of 72.2 per cent 
indicates that the approximation method 
is particularly well suited for such material. 
Of the 15 cases in the group not known to 
be well, ¢ could not be traced, 1 died of a 
cerebral accident at two years, I was 
thought to be a suicide at six weeks, 1 
died of polycythemia at four years and 6 
died with deep pelvic or pulmonary metas- 
tases. It is worthy of note that none of 
the patients in this group that could be 
followed ever showed a local recurrence 
which could not be controlled with local 
treatment. 

In our experience, patients that should 
be properly placed in Stage 111 have a bad 
prognosis, and our salvage rate was only 
27.2 per cent. However, one of the 8 pa- 
tients that was lost died of a heart attack 
after a vear and a half with a negative 
pelvis. If she had survived for five years, 
our cure rate would have been raised to 
to 36.3 per cent. This shows that per- 
centage figures mean little when such 
small groups are studied. 

As we classify our cases, those placed in 
Stage 1v are considered incurable. Many 
of them have had unsuccessful operations 
or unsuccessful irradiation in some other 
clinic and still have active carcinoma. In 
others, both ureters are found to be ob- 
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TABLE I] 


STAGES OF CARCINOMA OF CERVIX 


Treated 1948-1949 


No. Well Five 


Treated Years 
Stages I and II $4 39 (72.2%) 
Stage III 11 3 (27.2%) 
Stage IV 13 1 ( 7.6%) 
73 43 (55.1%) 


structed. In our opinion, such unfavorable 
findings should place a patient in Stage 
iv. Our 1 patient who survived for five 
vears was thought to have extensive in- 
volvement outside the cervix at admission, 
but her survival suggests that the indura- 
tion felt at the first visit may have had an 
inflammatory origin. It is worthy of note 
that 4 of the 12 patients who died lived in 
relative comfort for more than two years 
after treatment, and 1 was comfortable 
when she died of coronary thrombosis at 
the end of one year. We feel that none of 
them was made worse by the therapy 
given. 

This paper cannot be concluded with- 
out reference to the revival of radical 
hysterectomy and pelvic lymphadenec- 
tomy advocated by Liu and Meigs! for the 
more favorable cases. Their chief objec- 
tion to radiation therapy is based on the 
high incidence of sequelae observed in the 
clinics where very intensive techniques 
have been adopted. The absence of ir- 
radiation sequelae in our favorable group 
treated with a conservative technique in- 
dicates that such an objection is not 
necessarily a valid one. Liu and Meigs also 
believe that they are curing some of the 
patients with lymph node involvement 
which are not cured by irradiation. Since 
we have had some experience with pa- 
tients subjected to neck surgery where 
only a complete block dissection seems to 
produce cures, it is difficult for us to be- 
lieve that the pelvic operation which must 
be carried out so as to protect the ureters 
and their blood supply will be equally suc- 
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cessful. If the operation is really a better 
procedure, statistical studies should indi- 
cate its superiority. Liu and Meigs re- 
ported a five year cure rate of 69 per cent 
for 165 Stage 1 and It cases operated on in 
the Boston area. Although our material is 
not large, our cure rate of 72.2 per cent in 
a similar group suggests that surgery offers 
no significant advantage. In fact, the inci- 
dence of serious postoperative compli- 
cations in 112 (24 per cent) of 475 patients 
subjected to radical surgery as reported by 
Liu and Meigs indicates that our con- 
servative irradiation technique offers a 
less hazardous method of treatment with 
an equal hope for a successful outcome. 
The renewed interest in radical 
has brought an increasing number of pa- 
tients with postoperative recurrences to 
our clinic during the last few years. Al- 
though some such recurrences can be suc- 
cessfully handled with low intensity radium 
needle implantations, our experience to 
date leads us to believe that the prognosis 
in such cases would have been better if 
they had been treated originally with the 
approximation technique. 


surgery 


SUMMARY 


Irradiation sequelae can be almost com- 
pletely eliminated in the treatment of car- 
cinoma of the cervix by utilizing an ap- 
proximation technique designed to place 
multiple sources of radiant energy in close 
proximity to the malignant tumor and its 
demonstrable extensions for a period of 
seven days. The dosage in the sides of the 
pelvis is augmented by the cautious use 
of 220 kv. roentgen rays. 

In a series of 82 patients with invasive 
carcinoma treated in Ig48 and 1949, the 
absolute five year cure rate was §2.4 per 
cent and the cure rate for 78 patients that 
received adequate therapy was $5.1 per 
cent. This good showing was due, in part, 
to the fact that $4 of the cases could be 
placed in Stages 1 and 1. In this group, the 
five year cure rate was 72.2 per cent, a 
figure which compares favorably with the 
69 per cent reported by Liu and Meigs for a 
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similar series subjected to radical hysterec. 
tomy and lymphadenectomy. It should be 
noted that there was an appreciable num- 
ber of serious complications observed fol. 
lowing radical surgery while only one 
similar complication, possibly due to needle 
implantation, occurred in our series. 

3501 Gaston Avenue 

Dallas 4, Texas 
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PLANNED COMBINATION OF SURGERY AND RADIA- 
TION IN TREATMENT OF ADVANCED PRIMARY 
HEAD AND NECK CANCERS* 


By WILLIAM S. MacCOMB, M.D., and GILBERT H. FLETCHER, M.D. 


HOUSTON, TEXAS 


URGERY and radiation therapy are 

the accepted means of curative treat- 
ment of patients with cancer of the head 
and neck region. Either method is eftec- 
tive in control of early lesions of the lip, 
tongue, cheek, gum, floor of the mouth, 
and larynx. Reports from different coun- 
tries show almost identical survival rates 
for some of these sites; for example, the 
world cure rate for cancer of the tongue in 
the leading cancer centers is approximately 
28 per centT Ww hether radiation therapy or 
surgery is used. In cases of advanced can- 
cer, and in diseases of particular sites, such 
as the paranasal sinuses, however, the re- 
sults of therapy by either method alone 
have been disappointing. 

In most of the larger cancer clinics one 
method of therapy has been employed to 
the exclusion of the other. In the past, 
surgery has been inadvisable 
after irradiation because of the possibility 
of delaved healing, necrosis, and hemor- 
rhage. Similarly, radiation therapy has 
been regarded as unacceptable after sur- 
gery because scar tissue formation with 
its diminished blood supply decreases the 
radiosensitivity. These hazards can be de- 


CC ynsidered 


creased by proper sequence of procedures, 


selection of material and improvement of 


both surgical and radiotherapeutic tech- 
niques. Therefore, combined surgery and 
radiation should be justifiable in carefully 
selected cases of advanced cancer of the 


head and neck, in which either type of 


therapy used alone would incompletely 
control the disease. It is obvious, then, 
that if accepted therapeutic methods are 
to be utilized fully, a planned systematic 
approach must be devised in which the 


effectiveness of each method can be used 
to augment the advantages of the other. 

There is an opportunity to use surgery 
and radiation in the treatment of many 
tumors of the head and neck region. Recur- 
rences will happen either following pri- 
mary surgical treatment or primary ir- 
radiation even in early cases, and usually 
the method which has been used primarily 
can rarely be applied a second time. Treat- 
ment of the recurrence then is best ac- 
complished by the use of the other mo- 
dality. Oftentimes, too, radiation and sur- 
gery combined enhance the possibilities of 
control of metastatic lymph nodes in the 
neck. This combination of radiation and 
surgery is not, however, a systematic 
planned approach in all cases. The indi- 
cations vary and the technique must be 
fitted to the individual circumstances. 

The purpose of the present study is to 
demonstrate the systematic use of both 
types of therapy in those specific areas of 
the head and neck in order to improve the 
salvage rate. These areas are (1) the 
paranasal sinuses; (2) advanced lesions ot 
the oral cavity and oropharynx; (3) supra- 
glottic and pyriform sinus tumors, (ex- 
trinsic larynx tumors); and (4) malignant 
tumors of the parotid region. 

Patients are seen jointly in the head and 
neck clinic, and a combined plan of action 
is made. This plan falls into one of two 
categories: (1) In the areas in which prog- 
nosis is notably poor, such as the para- 
nasal sinuses, parotid, and extrinsic larynx, 
the two treatments are given sequentially, 
irrespective of clinical or histologic evi- 
dence of residual disease. This conception 
is based on the now well-established knowl- 


* Presented at the Thirty-sixth Annual Meeting of the American Radium Society, Hot Springs, Virginia, March 14-16, 1954 


t Personal communication from Miss Eleanor MacDonald, Epidemiologist, University of Texas M.D 


Tumor Institute, Houston, Texas 
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edge that in unselected series of such tu- 
mors results are very poor, and that any 
combination of techniques which is well 
tolerated by the patient should and does 
improve his outlook. (2) In advanced 
tumors of the oral cavity and oropharynx, 
one method is used first, usually radiation 
therapy, to be followed later by the other 
if there is a lack of complete regression of 
the primary disease in the weeks following 
treatment or if there is a locally limited 
recurrence and/or development of a pain- 
ful necrosis. 


PARANASAL SINUSES 

Since cancer of the paranasal sinuses 
arises within a cavity surrounded by 
bone, it is usually not detected early. The 
exact site of origin frequently cannot be 
determined since the disease is often so 
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trum, ethmoids, sphenoids, nasal cavity, 
orbital cavity, and pterygoid fossa. Lami- 
nagraphy, together with conventional 
roentgenography may help to determine 
the origin and extent of disease. A film 
made with the patient in the Waters’ posi- 
tion is of especial value in showing involve. 
ment of the floor of the orbit and the zy- 
goma. 

The surgical approach is by way of the 
hard palate and the tissues of the cheek, 
The Weber-Fergusson incision permits 
ready access to the operative site. After 
the cheek flap has been reflected outward, 
a portion of the hard palate is removed by 
means of electrocautery, hammer, and 
chisel. Then, with the use of electric saw, 
bone cutters, and rongeurs, the maxilla is 
resected. The wound is packed to control 
bleeding. The sphenoid sinus is opened 


extensive, involving*the maxillary an- and the mucous membrane lining  re- 
\ 
250 KV, Th. ' 
70 cm F.S.D. 2 CASE No. 10,184 
TOTAL TUMOR DOSES: (IN 53 DAYS) 
1 2 3 4 5 6 7 8 9 10 "1 
5720 | 6750 | 6970 | 6650 | 6530 | 7200 | 7450 | 6650 | 7550 | 6360 | 5600 
670* 1050 * 1400* 1700 * 
5720 | 7420 | 6970 | 6650 | 6530 | 8250 | 7450 | 6650 | 8950 | 6360 | 7300 
. x CONTRIBUTION FROM GLABELLAR PORTAL 


Fic. 1. Case M. (a) Classic planning with 250 kv. treatment for tumors of the paranasal sinuses with invasion 
of the ethmoid and sphenoid sinuses. In addition to the four co-planar portals (A, B, C, and D), a small 
field (4 by 4 cm.) is directed through the glabellar region to the posterior ethmoid cells to boost the dose 
in an area where the four field arrangement produces a minimum tumor dose. The skin doses are as follows: 
A—3,750 r; B—4,750 r; C r; D—2,250 r; Glabellar Portal 


2, 2,160 f. 
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Yo 45° WEDGE 


Kic. 1. (6 and c) Planning with the Cobalt 60 unit. Two portals at right angles with full or half-wedge filters 
produce an ideal fitting to the areas of peripheral involvement. A dose of 6,000 r in four weeks is well 


tolerated. 


moved. The ethmoid sinuses are curetted. 
By removing the mucous membrane from 
these areas, polyps are prevented from 
forming before healing is complete. 

When the ethmoids or the floor of the 
orbit are involved, the orbit should be 
exenterated. Attempts at preservation of 
the eve in such cases have resulted only in 
recurrences and a resultant decrease in 
the possibility of cure. Since postoperative 
radiation therapy is now used routinely in 
cancer of the paranasal sinuses, adequate 
irradiation without damage to the eve ts 
practically impossible. 

The type of radiation employed is to be 
determined on the basis of the histology of 
the tumor, the site of origin, and the ex- 
tent of the disease. If residual disease can 
be localized to one area, the subsequent 
radiation therapy is administered by in- 
tracavitary radiation. The dental ob- 
turator can be used as a carrier for the 
radiation sources, either radium or Cobalt 
60. Precise geometric arrangement of the 
radiation sources allows delivery of the 


7,000-8,000 r in 
seven to ten days, to the selected site. 
Anaplastic tumors with extensive peri- 
pheral disease necessitate the use of ex- 
ternal irradiation. Doses of 7,000 roent- 
gens in six weeks are delivered with 250 kv., 
and 6,000 r in four weeks with the Cobalt 
60 irradiator. Although a tumor dose of 
6,000 roentgens delivered in four weeks by 
external beam therapy is biologically less 
effective than 7,000 gamma roentgens de- 
livered over a period of eight to ten days, 
it has been shown to be satisfactory in a 
number of instances. The technique of ex- 
ternal irradiation can be varied according 
to the individual requirements by altering 
the dose, time, and geometry of the fields. 
Cobalt 60 teletherapy units provide, with 
the use of wedge filters, volume distri- 
butions ideally fitted to the anatomic 
spread of the disease (Fig. 1). The tolerance 
to high doses in postoperative patients 1s 
striking in contrast to tolerance in non- 


highest dose, usually 


operated cases. 
The following case reports demonstrate 
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Fic. 2. 


Case V. (a) Upper: Roentgenogram in 
Waters’ position shows opacity of the maxillary 
antrum and adjacent nasal cavity. It also shows 
the destruction of the floor of the orbit with 
erosion of the zygoma. Lower: The anteroposterior 
view confirms the opacity of the adjacent nasal 
cavity but shows no apparent involvement of the 
ethmoid sinuses. 


the results obtained with combined treat- 
ment in carcinoma of the maxillary an- 
trum. 


REPORT OF CASES 


Case V. The patient was a fifty-seven year old 
white male first seen on July 28, 1952, with a 
mass in the nasal cavity and visible bulging of 
the hard palate. Palpable disease was present 
in the outer portion of the right orbit and the 
movements of the right eye were limited. The 
roentgenograms showed involvement of the 
floor of the orbit and the zygoma (Fig. 2, a). A 
resection of the right maxilla with exenteration 
of the right orbit was performed on August 1, 
1952. Examination of the surgical specimen 
showed an epidermoid carcinoma of the antrum 
with extension into the tissues about the lateral 
surface of the right orbit. In view of the loca- 
tion of the primary disease and evidence of re- 
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sidual disease only on the lateral aspect of the 
the surgical defect, intracavitary radium ther- 
apy was administered six weeks after the opera- 
tion (Fig. 2, 4 and c). A dose of 7,000 gamma 
roentgens was delivered to the surface of the 
lateral aspect of the surgical defect over a pe- 
riod of ten days with daily exposures of seven 
hours. After cessation of therapy, there was a 
moderately severe reaction of the mucous mem- 
branes which subsided in several weeks. Pain 
persisted in the area of the exposed zygomatic 
bone until sequestration was complete. On 
January 9, 1956, over three and a half years 
after treatment, there was no evidence of dis- 
ease. 


Case N. On January 23, 1952, a sixty-eight year 
old male was admitted to the clinic with the 
chief complaint of a slight swelling of the left 
cheek anterior to the left malar eminence. Ex- 
amination through the anterior nares showed 
the nasal cavity to be completely blocked by 
tumor. Laminagrams (Fig. 3, @) showed evi- 
dence of invasion of the ethmoid sinuses. The 
histologic diagnosis Was squamous cell car- 
cinoma, Grade 11. On January 29, 1952, a 
radical resection of the left maxilla with curet- 
tage of the ethmoid and sphenoid sinuses was 
performed. Careful pathologic examination 
failed to show evidence of tumor in the ethmoid, 
sphenoid, or Because of 


turbinate tissues. 


apparently satisfactory surgical removal, post- 


Fic. 2. (6) The radium applicator was built as an 
extra piece mounted on the obturator made to 
plug the hole in the palate. A metal rod traverses 
the hole where the Cobalt 60 
placed. 
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Fic. 2. (c) Roentgenograms showing the applicator in place with metal dummies to check the position 
of the radioactive sources in relationship to the lateral wall of the orbit and stump of the zygoma. 


operative radiation therapy was not given 
immediately, and three months later there was 
no evidence of disease. 

On July 16, 1952, recurrent tumor, § cm. 
in diameter, was found in the right side of the 
hard palate (Fig. 3, 4). There was also a recur- 
rence in the left lateral wall of the operative 
defect. Because of the extensiveness and mul- 
tiplicity of recurrences, the classic four-field 
irradiation was considered unsuited. Therefore, 
two large opposing fields, including the entire 
area of the defect, the ethmoid region, nasal 
cavity and anterior alveolar region, were used 
to deliver a tumor dose varying from a mini- 
mum of 3,600 roentgens to a maximum of 4,000 
roentgens in fourteen days (Fig. 3, ¢). After 
therapy there was a mild reaction and extremely 
rapid regression of the lesion. On October 1, 
1954, two years later, no signs of activity were 
found locally, but the patient was found to have 
a metastatic cervical lymph node for which a 
radical neck dissection was advised. The pa- 
tient, however, failed to return for the proposed 
operation. A year later, he returned presenting 


an area of recurrent carcinoma on the postero- 
inferior margin of the defect. This was excised 
by electrocautery. At the same time, the left 
radical neck dissection was done. At present 
his prognosis is considered to be fair. 


INTRAORAL CAVITY AND OROPHARYNX 


In early lesions of the intraoral cavity, 
treatment by either radiation or surgery 
attords a good prognosis. In cases of more 
advanced lesions, the prognosis is much 
less favorable. Frequent sites of intraoral 
cancer are the tonsillar pillars, retromolar 
trigone, the posterolateral third of the 
tongue, and the posterior portion of the 
buccal mucosa. Cancers that arise in those 
areas and in the oropharynx show early 
local spread and metastases to the cervi- 
cal lymph Irradiation not un- 
commonly fails to control the disease. 
Surgical treatment, which includes radical 
neck dissection and partial jaw resection 


nodes. 
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Fic. 3. Case N. (2) Laminagrams at level of ethmoid cells (right) and level of sphenoid sinuses (left) suggest 
invasion of the ethmoid and sphenoid sinuses, with destruction of bony septa. The turbinates and the 
medial wall of the maxillary antrum on the left are also involved. 


with excision of the primary lesion, af- 
fords a chance of cure in cases in which the 
disease is not too extensive. Such radical 
surgery, however, results in an extensive 
operative defect which makes speaking and 
eating difficult. Recurrences are frequent, 
both because of the large volume of tissue 
involved and because of the abundant 
lymphatic supply at the base of the tongue 
and pharynx. Regional metastases, often 
bilateral, are apt to occur early. 

In an attempt to improve results in such 
cases, a combination of therapeutic meth- 
ods has been used. The peripheral exten- 
sions of advanced squamous cell carci- 
noma are fairly radiosensitive. The cen- 
tral areas, which probably represent the 
point of origin of the tumor, are poorly 
vascularized and are often difficult to con- 
trol by radiation. Recurrences or reacti- 


vation of cancer cells commonly occur at 
such central points. Control of the disease 
in such instances, however, may be pos- 
sible if radical surgery is performed to re- 
move these focal points within a reason- 
able time after radiation therapy has been 
completed. Surgery performed after such 
radiation therapy may be less radical than 
if used as a primary procedure. Func- 
tionally, such operative procedures are 
less disabling. The likelihood of recurrence 
is undoubtedly reduced in cases in which 
surgery 1s preceded by irradiation. Post- 
operative complications can also be re- 
duced by alteration in the surgical pro- 
cedure. Although frequently there is dif- 
ficulty in healing of the neck 
there is seldom delay in healing within the 
oral or pharyngeal cavities. Delay in heal- 
ing occurs most frequently in the cervical 
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region overlying the carotid bulb, and, fre- 
quently, healing after development of 
necrosis at this site is most difficult. 
Sometimes it is impossible and hemorrhage 
and death occur. Therefore, in performing 
neck dissection after radiation therapy, 
the incision should be made so that the 
vertical line of the incision does not lie 
directly above the carotid bulb. Cobalt 60 
teletherapy produces fewer difficulties in 
healing. 

Radiation therapy may be given by 
radium implantation or combined with 
external irradiation. Interstitial radium 
therapy is used alone if the lesion can be 
adequately irradiated by one geometric 
pattern or a combination of patterns. In 
some cases, the arrangement of the radium 
needles is such that there is too great a dif- 
ference in the minimum and maximum 
tumor dose within the volume irradiated. 
In such instances, after an average tumor 
dose of 3,000 to 4,000 gamma _ roentgens 
has been delivered by the radium im- 
plantation, the tumor dose is supplemented 
immediately by external therapy of 4,000 
or 3,000 roentgens delivered through two 
opposing fields over a period of four weeks. 
This brings the total tumor dose to 7 OOO 
roentgens, delivered in about five weeks. 
On some occasions, external irradiation 1s 
used first, supplemented by interstitial 
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Fic. 3. (6) Photograph showing widespread recur- 
rence through the ethmoid area and nasal cavity 
reaching in front of the alveolar ridge and the 
edge of the remaining right part of the bony 
palate. 


radium therapy several weeks after. With 
the availability of a Cobalt 60 teletherapy 
unit and a 22 mev. Betatron, external ir- 
radiation alone has been used more often 
in the lesions of the posterior third of the 
oral cavity and oropharynx. The primary 
results seem to indicate an increased ef- 
fectiveness. 

The time and type of surgery performed 
depends upon the spread and the evolu- 
tion of the disease. If the primary disease 
has disappeared and there are no palpable 
lymph nodes, careful follow-up is essential 


MAX.SKIN DOSE: 4,500r 


T.D.= 4,000r APPROX 


A 
(10x 8) (10x 8) 
cm cm 

| T.0.= 3,600r 

SKIN DOSE} |! APPROX. I~ SKIN DOSE 
J 

SURGICAL DEFECT 


lic. 3. (c) Sketch of treatment. 
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in watching for early recurrences. If en- 
larged lymph nodes are present, and the 
primary lesion has completely disappeared, 
radical neck dissection alone is performed. 
If there is obvious or suspicious evidence 
of residual disease, a combined neck dis- 
section, jaw resection and excision of pri- 
mary tumor is performed. In the two fol- 
lowing case reports, residual or recurrent 
disease persisted after irradiation, thus re- 
quiring surgery and so demonstrating the 
usefulness of the combination of treatment 
methods. 


REPORT OF CASES 


Case B. A sixty-eight year old white male 
patient was admitted to the clinic on June 21, 
1951, with an extensive tumor involving the 


Fic. 4. Case B. (a) Intraoral photograph showing the 
involvement of the anterior faucial pillar, tonsillar 
fossa and soft palate reaching the uvula. (4) Post- 


operative intraoral photograph showing mucous 
membrane of tongue attached to the buccal 
mucosa and the faucial pillar. 


March, 1967 


A 
INTRAORAL 
PORTAL 
A: 3000r TUMOR DOSE 
B: 4500r 


6000r IN 4 WEEKS 
(65% DEPTH DOSE) 


SUPRACLAVICULAR AREA 4000 (skin cose) 


RADIUM IMPLANTATION BASE OF TONGUE 
3 WEEKS AFTER T.D= 2600ry IN 92 HRS. 


Fic. 4. (c) Sketch of treatment in case B. 


right tonsillar fossa, faucial pillar, and right 
side of the soft palate (Fig. 4, a). The patient 
received intraoral irradiation delivering 3,000 
roentgens in air at the aperture of the cone. 
After this treatment, 3,000 roentgens 
added (65 per cent depth dose at the tonsillar 
fossa) through a homolateral field, which made 
r in four weeks, 


were 


a total tumor dose of 6,000 
Three weeks after completion of treatment, a 
residual nodule remained in the base of the 
tongue, and on August 30, 1951, a radium 
implant was made to deliver 2,600 gamma 
roentgens in g2 hours (Fig. 4,¢). On January 6, 
1952, there was an area of ulceration, but the 
base of the tongue was soft. On March 26, 196%, 
the ulceration was found to have enlarged to 
2 cm. in diameter and about 1 cm. in depth. 
Neither the soft palate nor the upper aspect of 
the tonsillar fossa was involved. On March 28, 
1952, a right radical neck dissection, partial 
resection of the jaw, and partial glossectomy 
were performed. Examination of the surgical 
specimen showed a well-differentiated squam- 
ous cell carcinoma limited to the lateral margin 
of the base of the tongue. There was an ade- 
quate margin of excision and no tumor was 
found in the cervical lymph nodes. Healing was 
uncomplicated (Fig. 4, 4). The patient is now 
free of disease over four years after admission 
and treatment. 
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Fic. 5. Case J. (a) Intraoral photograph showing 
involvement of the posterior aspect of the lateral 
border of tongue, anterior faucial pillar, and 
retromolar trigone. 


Case fF. A sixty-six year old white male patient 
had onset of symptoms after extraction of a 
wisdom tooth a few months prior to admission 
to the clinic. At examination on July 24, 1951, 
an extensive tumor was found to involve the 
tonsillar fossa, faucial pillar, retromolar trigone, 
part of the soft palate, glossopalatine sulcus, 
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and posterior aspect of the lower alveolar ridge 
(Fig. 5, a). Lateral soft tissue roentgenograms 
revealed extensive involvement of the base of 
the tongue (Fig. 5,4 and c). A modified tongue- 
pterygoid implant combined with external ir- 
radiation was selected as the treatment of 
choice. A dose of 3,000 gamma roentgens was 
delivered to the tonsillar fossa in 72 hours, and 
a dose of 4,000 gamma roentgens to the tongue 
in 96 hours. After removal of the radium, a 
4,000 roentgen tumor dose through two oppos- 
ing fields was delivered to the entire area within 
a period of three and one half weeks. The tumor 
regressed rapidly and had disappeared clinically 
by the time treatment was completed. Six 
weeks later, however, there was a suspicious 
area of residual disease in the faucial pillar and 
tonsillar fossa with definite induration in the 
lateral border of the tongue. Two months 
later, the tongue and tonsillar fossa appeared 
soft, but epithelization on the posterior aspect 
of the lower alveolar region was incomplete. 
The area was painful, but improvement re- 
sulted after treatment by zinc peroxide and 
power spray. On February 2, 1952, however, 
a partial jaw resection was considered necessary 
and was performed with a radical neck dis- 


\ 


valleculee 


Fic. 5. (6 and ¢) Lateral soft tissue roentgenogram and line drawing showing massive involvement of the base 
of the tongue. The tumor bulges into the valleculae being in contact with the free margin of the epiglottis, 
and the irregular mass shows a double contour almost in contact with the posterior pharyngeal wall. 
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section. Histologic examination of the surgical 
specimen showed squamous cell carcinoma, 
Grade 1, but no evidence of cancer of the 
lymph nodes. On August 29, 1955, four years 
after admission, the patient showed no evidence 
of disease. 

Extensive exophytic tumors of the pos- 
terior pharyngeal wall can be eradicated by 
irradiation if the lesions are not infiltrative 
or keratinizing. These tumors often re- 
cur, however, because the tumor dose 
with 250 kv. must usually be limited to 
§,000 to 6,000 roentgens within a six week 
period. Such dosages delivered within this 
period of time are sufficient to produce re- 
gression of the tumor but not to destroy it 
completely. Careful follow-up studies will 
permit early detection of residual or re- 
current activity. The involved area of the 
posterior pharyngeal wall then may be re- 
moved through a lateral pharyngeal ap- 
proach. The operative site should be 
covered by a skin graft. The following case 
report is an example. 


Fic. 6. Case S. (a and 4) Lateral soft tissue roentgenogram and line drawing show an ulcerated tumor 


Maren, 1967 
Case S. A fifty-nine year old male patient 
first seen on November 22, 1950, complained of 
soreness in the throat which had become worse 
during the previous two months. Examination 
showed an ulcerating exophytic lesion on the 
posterior pharyngeal wall which extended from 
the nasopharynx to the hypopharynx at the 
level of the pyriform sinus (Fig. 6, @ and 4), 
Ulceration was visible at the oropharyngeal 
level by depression of the tongue. Biopsy 
showed squamous cell carcinoma, Grade m1, 
The patient was treated with external irradia- 
tion. Two opposing fields supplemented by a 
smaller field at the level of the jaw were used 
to deliver a tumor dose of 5,500 roentgens with- 
in thirty-eight days. Reaction to treatment was 
minimal and regression of the tumor was com- 
plete. On December 5, 1951, there was no 
evidence of disease and no palpable lymph 
nodes were detected in the neck. On May 14, 
1952, a small superficial ulceration, about 1 


cm. in diameter, was found on the posterior 
pharyngeal wall at the level of the oropharynx. 
A biopsy revealed squamous cell carcinoma. 
Some small lymph nodes were palpable in the 
left side of the neck. A left radical neck dissec- 


located on the posterior pharyngeal wall extending from the nasopharynx to several centimeters below 


the level of the free margin of the epiglottis. The center of the ulceration is at the level of the oropharynx. 
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tion was performed. At the same time the re- 
current tumor of the posterior pharyngeal wall 
was excised through an infrahyoid approach to 
the pharynx. A skin graft, 6 cm. in diameter, 
was applied to the operative site. A complete 
take of the graft resulted (Fig. 6, c). Over four 
and a half years after admission to the clinic 
and three years after surgery, the patient 
showed no evidence of disease. Functional 
results were excellent. 


rHE EXTRINSIC LARYNX 


The end results by radiation and sur- 
gery have been unsatisfactory in the treat- 
ment of extensive tumors of the extrinsic 
larynx, for instance, the supraglottic region 
and pyriform sinus. Surgery fails to eradi- 
cate the disease either because of exten- 
sive local involvement or because of early 
regional metastases. Krequently, contra- 
lateral metastases appear after a radical 
neck dissection has been done of the af- 
fected side. Then, too, even in cases in 
which the disease is controlled above the 
clavicle, distant metastases may occur. 
Irradiation has often proved unsuccessful 
in tumors involving or ulcerating into 
cartilage, membranous areas, or poorly 
vascularized areas such as the pre-epiglot- 
tic fossa. Even if cancer cells are sterilized, 
intractable pain often occurs because of 
necrosis and infection which develop in the 
cartilage exposed by destruction of the 
tumor. 

Superficial exophytic tumors of the su- 
praglottic region or pyriform sinus can be 
controlled by primary ir- 
radiation in carefully selected cases. In 
patients in whom endoscopic examination 
and laminagraphic studies reveal polypoid 


successfully 


tumors without evidence of invasion of 


the laryngeal structures underlying the 
mucosa, radiation 
value. This is also true for exophytic 
tumors on the free margin of the aryepi- 
glottic fold or upper aspect of the pyri- 
form sinus. Tumors which originate at the 
bottom of the pyriform sinus are always 
of the infiltrative type. In cases in which 
radiation is chosen, irradiation of the sub- 


digastric region of lymphatic drainage is 


therapy may be of 
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Fic. 6. (c) Intraoral photographs showing the skin 
graft on the posterior wall of the oropharynx. 


imperative. In cases of recurrent disease, 
subsequent radical surgery is often pro- 
hibited in such extensively irradiated tis- 
sues. 

With the exception of rather infrequent 
cases which are suitable for primary radi- 
ation therapy, the sequence of treatment 
then should be panlaryngectomy with 
neck dissection if a lymph node is proved 
to be positive, either by aspiration biopsy 
or by frozen section at the time of the 
operation. When healing is complete, post- 
operative radiation therapy should be 
given. 

Although surgical removal will not be 
curative in many instances, it extirpates 
bulky and infiltrating lesions. As soon as 
the wound is healed, usually within ten to 
twenty days, postoperative radiation ther- 
apy is begun with external irradiation. The 
entire neck region, from the mastoid tip to 
the clavicle, is irradiated through opposing 
lateral fields. A tumor dose of 6,000 to 
7,000 roentgens is delivered to the mid- 
cervical region within seven to eight weeks 
with a lesser dose to the supraclavicular 
region. If the pre-epiglottic fossa or the 
base of the tongue is involved, interstitial 
irradiation is used to deliver to the sub- 
mental region, base of tongue, and the pre- 
epiglottic region 3,000 to 4,000 gamma 
roentgens. This additional radiation ther- 
apy for some cancers of the extrinsic 
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larynx has developed through experience 
with several patients in whom disease re- 
curred in the submental region. An an- 
terior submental field increases prohibi- 
tively the irradiation to the spinal cord. It 
is apparent from the volume distribution 
of external beam therapy that the sub- 
mental region cannot be irradiated ade- 
quately unless a wax mold is used to ir- 
radiate en bloc the whole lower half of the 
oral cavity. A dose of 6,000 to 7,000 roent- 
gens in six to seven weeks to such a large 
volume is not tolerated at the 250 kv. 
level. The tolerance is better with the 
Cobalt 60 unit and even better with the 22 
mev. Betatron. 

The three following case reports illus- 
trate the efiicacy of combined therapy for 
lesions of epiglottic or hypopharyngeal re- 
gions. 


REPORT OF CASES 


Case R. A fifty year old male, first seen on 
June 27, 1951 had an extensive lesion of the 
epiglottis with the entire laryngeal surface re- 


Fic. 7. Case R. (a and 4) Lateral soft tissue roentgenogram and line drawing showing an extensive tumor 
involving the entire epiglottis and extending deeply, with ulceration, into the base of the tongue and the 


pre-epiglottic fossa. 
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placed by ulcerating tumor. Disease was also 
present on the left aryepiglottic fold, valleculae 
and base of the tongue. The pyriform sinus and 
lateral wall of the pharynx were apparently 
free from disease. Biopsy showed squamous cell 
carcinoma, Grade 11. Surgical removal was 
attempted. The main surgical specimen con- 
tained a tumor measuring 3.5 by 2.5 by 3.5 em, 
present at the cut surface. The primary site of 
the disease was thought to be the epiglottis 
(Fig. 7, a@ and 4). Several additional sections 
were removed in addition to the main laryngeal 
specimen, all showing squamous cell carcinoma. 
Roentgen therapy was begun on the nineteenth 
day after surgery (Fig. 7, c), and in 67 days a 
minimum tumor dose of 8,750 roentgens was 
delivered to the base of the tongue and 7,430 
roentgens were delivered to the neck at the 
level of the larynx. Treatment was tolerated 
well and caused minimal difficulty in swallow- 
ing. Two years later there was no evidence of 
disease, but on December 1, 1953, the patient 
manifested neurologic symptoms of progressive 
weakness of the left leg and burning sensation 
in the left knee. Neurologic examination, in- 
cluding myelography, suggested an intraspinal 
lesion. A laminectomy was performed, but no 
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250 KV, Th. Itt, 70 cm F.S.D. CASE No. 6971 


1: 8570 r 
11: 7430 r 


( MAX.) 
TUMOR DOSES 


C (IN 67 DAYS) ( MIN.) 


Fic. 7. (c) Plan of treatment. Point 1 is the midline in the base of the tongue. Point 2 is at mid-neck at level 
of larynx. To make up for the difference in thickness at the level of the angle of the mandible (base of 
tongue level) and neck, two small fields E and F are superimposed on the large opposing fields A and C. 
An anterior field G aimed at the base of the tongue was added in view of the invasion of the pre-epiglottic 
fossa and the base of the tongue. Fields B and D are directed in apposition to the supraclavicular regions 
in order to treat the lower jugular chain and the posterior cervical triangle lymph nodes. Skin doses are 


as follows: A—s,400 r; B—4,225 r; C—4,375 r; D 
significant abnormality was found. During the 
year 1953, there was gradual improvement 
with only residual symptoms of lack of strength 
in the left arm and leg, possibly resulting from 
radiation myelitis. Over four years later the 
patient is free of disease with a minimum of 
persisting neurologic symptoms. 


Case M. The presenting symptoms of this 
sixty-seven year old male first seen on August 
23, 1950, were hoarseness of three months’ 
duration and swelling of the neck with forma- 
tion of a fistula over the larynx. Examination 
showed no palpable cervical lymph nodes, but 
the larynx was markedly enlarged on the left 
side. Laryngoscopy showed massive involve- 
ment of the laryngeal wall on the left and com- 
plete obliteration of the pyriform sinus. Biopsy 
revealed squamous cell carcinoma, Grade 111, 
and roentgen findings established primary 1n- 
volvement of the pyriform sinus (Fig. 8, @ and 
A panlaryngectomy was performed on 
August 29, 1950, with removal of a portion of 
the skin which surrounded the opening of the 
anterior fistulous tract (Fig. 8, c). Examination 
of the surgical specimen showed tumor involve- 
ment of the left side of the larynx and pyriform 
sinus and destruction of cartilage, obliterating 


all anatomic characteristics. Postoperative 


Irradiation was delayed six weeks because of 
failure of the wound to heal. A tumor dose of 


4,275 r; E—goo r; F—goo r; G—1,000 r. 

6,800 roentgens was delivered to the midline 
of the neck over a period of sixty-three days. 
The treatment was tolerated well, and on 
August 8, 1955, five years later, the patient 
showed no evidence of disease. 


Case W’. Laryngoscopic examination on March 
21, 1951, of this patient revealed a lesion in- 
volving the right hemilarynx and pyriform 
sinus. It was impossible to determine by ex- 
amination whether the lesion originated on the 
vocal cord with invasion of the pyriform sinus, 
or in the pyriform sinus with extension into the 
intrinsic larynx (Fig. 9, a and 4). A panlaryn- 
gectomy was performed and examination of the 
specimen showed the site of origin to be the 
pyriform sinus with invasion of the laryngo- 
pharyngeal wall. Tumor was found at the 
margin of excision (Fig. 9, ¢ and d). Postopera- 
tive irradiation was given to the entire neck 
area with a minimal tumor dose of 6,000 r in 
six weeks. The patient showed no evidence of 
disease three years after completion of treat- 
ment, but died of cerebral hemorrhage in 
March, 1954. 


THE PAROTID GLAND 

Mixed tumors of the parotid gland, in- 
cluding the so-called malignant ones, are 
best handled by surgery alone. If they do 
recur, they at least do so locally and then, 
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cord tevel 


vocal 


Fic. 8. Case M. (a and 4) Laminagram and line drawing show a massive tumor occupying the left pyriform 
sinus, aryepiglottic fold, and extending into the lateral soft tissues with complete destruction of the ala 
of the thyroid cartilage. Relatively little subglottic extension. 


Fic. 8. (c) Photograph of neck of patient when 
already prepared for laryngectomy. One notices 


if they show a greater degree of anaplas- 
ticity they can be handled more radically, 
including postoperative irradiation. Small, 
well differentiated adenocarcinomas should 
be treated by surgery alone. Only the more 
radical therapy, including the combina- 
tion of both methods, should be reserved 
for recurrences. When tumors are larger 
and more anaplastic, the tendency to re- 
cur is not only local, but oftentimes there 
is extension into the base of the skull where 
it is impossible to remove completely the 
tumor by surgery alone. Malignant muco- 
epidermoid carcinomas may be invasive 
and also extend into the base of the skull, 
involving the middle ear. Squamous cell 
carcinomas, metastatic from skin or oc- 
casionally from primary lesions within the 
oral cavity and laryngopharynx, because 


above the stoma of tracheostomy (which had to 
be performed as an emergency on admission) the 
fistula which had appeared a few days prior to 
admission, 
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Fic. 9. Case W. (a and 2) Frontal laminagram and line drawing showing a marked thickening of the right 


hemilarynx with obliteration of pyriform sinus. No subglottic extension. The absence of subglottic exten- 


sion almost rules out a true vocal cord tumor. 


of widespread invasion cannot be com- 
pletely extirpated surgically. In case of 
such aggressive tumors, combination of 
parotidectomy and radical neck dissection 
followed by radiation therapy offers a bet- 
ter chance of control. Irradiation can be 
given either in the form of a volume im- 
plant of the parotid or by the Cobalt 60 
teletherapy unit with a very efficacious ar- 
rangement of fields with wedge filter. This 
second modality of radiation therapy pro- 
duces a greater depth dose and can en- 
compass as much of the base of the skull 
and middle ear as is deemed necessary. The 
interstitial implant should be reserved for 
those tumors which apparently are local- 
ized still to the lower pole of the parotid. 

The following two cases illustrate a case 
of primary tumor of the parotid and meta- 
static involvement. 


REPORT OF CASES 
Case ‘f. A seventy year old colored man was 
first seen in the Head and Neck Clinic on 
April 14, 1954, presenting a swelling in the 
right infra-auricular region. Facial paralysis 
had been present for four months. A biopsy 
taken from the external auditory canal was 
reported squamous cell carcinoma, Grade tt. 
The diagnostic roentgenologic workup showed 
only diffuse clouding of the right mastoid cells 
and no definite evidence of destruction of the 
septa. On May 7, 1954, a radical neck dissec- 
tion, excision of the external ear, mastoidec- 
tomy, parotidectomy and resection of the as- 
cending ramus of the mandible were performed. 
It was impossible to remove all the disease 
which extended into the base of the skull, 
anterior and medial to the eustachian tube. 
The pathologic specimen showed malignant 
mixed tumor. Due to residual disease (Fig. 10), 
radiation therapy was started on May 20, 1954 
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margin of the surgical excision. 


» 1957 


Fic. 9. (c and d) The topographic study of the operative specimen shows the right pyriform sinus to be 
obliterated by a tumor mass which displaces the right base of the epiglottis anteriorly and the right aryte- 
noid cartilage medially and inferiorly. The right intrinsic larynx is deformed, and the structural details 
effaced by edema, although the mucosal surface remains intact. Tumor is apparent at the superolateral 


using the Cobalt 60 irradiator. At the begin- 
ning, a thin wax plug was used over the granu- 
lating tumor in order to have full electronic 
build-up at the level of the uppermost layers. 
The maximum tumor dose was given at the 
site of the operative defect, 6,500 r in six weeks, 
with a minimum tumor dose of §,500 r at § cm. 
depth. The patient’s recovery was delayed both 
by the operative procedure, which was exten- 
sive, and the radical postoperative irradiation. 
There was a period of mental confusion with 
occasional convulsions. It was thought to be 
due possibly to the extensive irradiation carried 
through one portal delivering a high tissue 
dose to the brain tissue. However, by mid- 


Hic. 10. Case J. Lateral photograph of the patient 
after the radical surgery has been performed. The 
surgical defect is visible with the tumor granulat- 
ing at the site of the mastoidectomy and middle 
ear resection. A year later there was almost com- 
plete epithelization of the skin with small areas of 
crusting 
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Fic. 11. Case R. (a) Photograph of patient with a 
facial paralysis showing the infra-auricular sub- 
cutaneous nodule, which was positive for squamous 
cell carcinoma following the aspiration biopsy, 
and also the tumor mass in the lower neck. 


November, 7.e., four months after the com- 
pletion of therapy, the patient’s condition 
improved definitely, and within the year, there 
was epithelization of the defect and complete 
recovery of both physical and mental functions. 
On January 9, 1956, the patient was re-admitted 
with recurrent disease and destruction of bone 
in the region of the right sphenoid bone. Patient 
is now in the terminal phase of his illness. 


Case R. This forty-eight year old white male 
was first seen in the Head and Neck Clinic in 
June, 1953, with a tumor mass 4 cm. in diameter 
in the left parotid region. This had been re- 
ported by biopsy as metastatic squamous cell 
carcinoma. The probable site of the primary 
tumor was a lesion located on the left external 
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Fic. 11. (4) Sketch showing the arrangement of the two oblique fields using wedge filter. This field arrange- 
ment with wedge filters allows the treatment of the whole of the parotid fossa and part of the base of the 
skull as deeply as it is deemed necessary by clinical observation. The depth and the area to be treated can 
be determined by obliquity of the films, their separation, and the thickness of the wedge filters. In this 
manner, the brain substance receives minimal irradiation in contradistinction to the plan of using 
one single perpendicular field which then cannot avoid giving a high tissue dose to the brain substance 
which is located above the floor of the anterior and middle fossae. 
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ear, which had been treated by irradiation five 
years previously. A left radical neck dissection 
and total parotidectomy were performed on 
June 23, 1953. The pathologic report on the 
operative specimen showed multiple foci of 
metastatic squamous cell carcinoma in lymph- 
oid nodules and also metastatic squamous cells 
within the parotid gland substance. Following 
the operation there was loss of function of the 
facial nerve, but recovery was complete in six 
months. Approximately a year following the 
radical surgery, diffuse induration developed in 
the infra-auricular area with a recurrence of 
the left facial paralysis. After treatment by 
antibiotics the cellulitis subsided, leaving a 
hard indurated mass, palpable posterior to the 
angle of the jaw (Fig. 11, 4). An aspiration 
biopsy showed active squamous cell carcinoma. 
Radiation therapy was given with the Cobalt 
60 irradiator from September 16, 
period of thirty-two days. A minimal tumor 
dose of 5,100 r and a maximum tumor dose of 
5,500 r were given using oblique fields with 
wedge filter arrangement (Fig. The pa- 
tient also had a metastatic node in the lower 
aspect of the left neck which was treated by a 
direct field with a tumor dose of 5,700 r in 28 
The patient’s postirradiation course was 


1954, for a 


days. 
uneventful. On September 12, 
initial treatment, 


1955, over two 


years after the patient was 


still free of disease. 


SUMMARY 


Over a period of five years a program of 


systematic planned combined surgical and 
radiation therapy has been used for pa- 
tients with tumors of the paranasal si- 
nuses, intraoral cavity and oropharynx, 
extrinsic larynx, and parotid region. This 
program cannot be evaluated by statisti- 
cal analysis since the series is small and 
represents only selected cases in advanced 
stages of cancer. Evaluation therefore 
must be based upon cures or lasting control 
by combined therapy in patients who 


showed clinical and histologic evidence of 
residual disease after either initial surgical 
radiation therapy. 


treatment or fur- 


William S. MacComb and Gilbert H. Fletcher 


Marcu, 1957 


ther justification for combination of treat. 
ment methods is the satisfactory tolerance 
to consecutive radical procedures. 

The rationale for the sequence and jn. 
terval between the particular therapeutic 
procedures depends upon the primary site 
of the lesion. In lesions of the paranasal 
radical surgery precedes intra. 
cavitary radium therapy or external jr. 
radiation. In tumors of the intraoral cavity 
and orophi irynx, radiation therapy is em- 
ployed initi ally and surgery is performed 
later for metastatic, residual, or recurrent 
disease. In cases of advanced tumors of the 
supraglottic and pyriform sinuses, pan- 
laryngectomy is performed with neck dis- 
section if the lymph nodes are proved to be 
positive. External irradiation is then given 
to the entire neck area and is, at times, 
supplemented by radium implantation. In 
malignant parotid tumors and metastatic 
cancer to the preauriculat region from 
skin, parotidectomy and neck dissection 
precede multiple plane radium impianta- 
tion or Cobalt 60 teletherapy. The group 
of cases presented demonstrates the effec- 
tiveness with which surgery and radiation 
therapy can be used, the one augmenting 
the other in patients presenting malignant 
tumors in advanced sites 
offering but little hope of control by 
one modality alone. Supervoltage therapy 
seems to be of advantage in increasing the 
effectiveness of primary irradiation, ease 
and tolerance of postoperative irradiation, 
and lessening the postradiation operative 
difficulties, particularly in wound healing. 
Since the availability of a Cobalt 60 tele- 
therapy unit and a 22 mev. Betatron, 
combined planning has become even closer 
and more daring due to the enumerated ad- 
vantages. 


sinuses 


Stages or in 
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THE ROLE OF 


RADIOACTIVE ISOTOPES IN CAR- 


CINOMA OF THE MAXILLARY ANTRUM* 


By ARTHUR G. 


JAMES, M.D. 


COLUMBUS, OHIO 


WANCER occurs more frequently in the 
+ maxillary antrum than in any of the 
other paranasal sinuses, and still it is a 
relatively rare disease. In most large 
series, an average incidence of occurrence 
of 0.35 per cent has been recorded. It occurs 
in the male approximately two to four 
times as often as in the female, and presents 
most frequently between the fifth and 
eighth decades. The first mode of treatment 
for this lesion was surgical excision, and the 
first such case was recorded by Wiseman* 
in 1671. Since then, cautery and radiation 
therapy have also been used in the treat- 
ment of the disease. External high voltage 
radiation therapy has been employed alone, 
and has also been administered both 
preceding and following surgical excision. 

The preferred method of treatment 
advocated here is radical surgical resection 
of the maxilla plus postoperative radiation 
therapy using radioactive isotopes properly 
distributed in an intracavitary mold. 


SYMPTOMS AND DIAGNOSIS 


The most common symptoms seen in 
carcinoma of the antrum are pain, swelling, 
nasal obstruction and nasal bleeding. Local 
pain and swelling are generally the earliest 
complaints; however, the signs and symp- 
toms vary with the location of the tumor. 
If the tumor occurs in the floor of the an- 
trum, there may be protuberance of the 
hard palate, the alveolar ridge, and more 
laterally in the gingivobuccal gutter. If 
the occurrence is near the anterior wall 
of the antrum, there may be swelling of the 
cheek. If the tumor begins in the medial 
aspect, the eye may be displaced laterally; 
if the tumor begins in the roof of the an- 
trum, the eve may be displaced upwards; o1 
if the tumor invades the roof more poste- 


riorly, the patient may exhibit unilateral 
exophthalmos. Medially located lesions are 
more prone to cause nasal obstruction. 
With progression in size, the tumor will 
eventually grow to invade most of the max- 
illa, orbit and nasal cavity. At this stage, 
sepsis is a usual complication. 

A diagnosis must be established by histo- 
logic examination of tissue before any 
treatment is begun. This specimen may be 
obtained either through the nose or through 
an opening into the antrum from the oral 
cavity. Occasionally, it is possible to obtain 
enough tissue by means of a large bore 
needle. Roentgenographic studies will usu- 
ally help to localize that portion of the 
antrum which should be approached in 
this manner. In general, the area of bony 
destruction of the maxilla designates which 
part should be aspirated. 

Not only should the histologic diagnosis 
be made prior to surgery, but the exact 
extent of the disease should be ascertained. 
Roentgenograms will also aid in the 
determination of the involvement by the 
tumor and the differential diagnosis. When 
roentgen studies demonstrate cloudiness of 
both antra, this finding usually indicates in- 
fection. Clouding that is limited to one 
antrum is more significant as far as the 
diagnosis of neoplasm is concerned. Bone 
erosion and destruction usually denote the 
presence of a malignant lesion; however, it 
should be considered that bony destruction 
can also be caused by infection and some- 
times by the pressure of a benign lesion, 
such as a mucocele. An absence of exoph- 
thalmos and a normal appearing orbital 
ridge as evidenced roentgenographically are 
strong supportive evidence of no invasion 
of the tumor into the orbit. Perforation of 
the anterior wall of the antrum by the 


* From the Department of Surgery, University Hospital, Ohio State University Medical Center, Columbus, Ohio. Presented at 
the Thirty-eighth Annual Meeting of the American Radium Society, Houston, ‘Texas, April g-11, 1956. 
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tumor can usually be determined by palpa- 
tion of the cheek and by roentgenograms. 
In the more advanced cases, when this 
finding presents, there will be swelling of the 
cheek, dilatation of the skin veins, redness 
of the skin, edema and often fixation of the 
skin. If the lesion extends posteriorly into 
the nasopharynx, this may be determined 
by an ordinary laryngeal mirror examina- 
tion. Roentgenograms will also help to 
define a mass protruding into the naso- 
pharyngeal area. With tumor invasion of 
the floor of the antrum, softening of the 
palate is usually present, or actual funga- 
tion of tumor can be seen through the 
palate. Extension of the lesion into the base 
of the skull signifies that any treatment 
offered will be on a palliative basis only. 
If the neoplasm extends through the infra- 
orbital ridge and into the orbit, the patient 
must be psychologically prepared for the 
loss of the eye. 
TREATMENT 

Radiation therapy alone has been used 
for many years in the treatment of cancer 
of the maxillary antrum. Doses sufficiently 


\ a 


Fic. 1. Skin incision for approach to the maxillary 


antrum. (Note finely dotted line for extension of 


incision if exenteration of the orbit is indicated.) 
(By permission of Surgery, Gynecology & Obstet 
rics.) 
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large to kill cancer cells will often produce 
serious complications in this area. In addi. 
tion, the results from this method are often 
disappointing. The trend in recent years 
has been to utilize more radical resection, 
and if the lesion can be completely excised, 
surgery alone is used. If the surgery cannot 
be considered curative, then the excision jg 
combined with some form of radiation 
therapy. 

Surgery. The details of the surgical pro- 
cedure have been published previously,‘ 
In brief, the surgery involves an incision 
(Fig. 1) that divides the upper lip and ex- 
tends along the nose and beneath the eye, 
so that the entire cheek flap can be ele- 
vated, thus exposing the maxilla (Fig. 2), 
An incision is next made in the gingivo- 
labial fold, across the alveolar ridge and 
extended posteriorly over the mucosa of the 
palate. The nasal bone, zygoma and palatal 
are transected. The naso-orbital 
attachment is severed, and the posterior 
inferior attachment to the pterygoid plate 
is also transected. The maxilla is grasped 
with a large forcep and rocked from its 
position. The primary bleeding from the 
internal maxillary artery can then be con- 


bones 


@ 


Kic. 2. Reflection of skin flap showing exposure of 
the maxilla, nasal bone and zygoma. (By permis- 
sion of Surgery, Gynecology & Obstetrics.) 
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tr, 


Fic. 3. Surgical defect remaining after resection of 
the maxilla. (By permission of Surgery, Gynecology 
&3 Obstetrics.) 


trolled by packing and clamping. The max- 
illa is removed, and the cavity (Fig. 3) is 
explored for extension of tumor. If the 
lesion is found to extend through the infra- 
orbital plate and into the orbit, it is then 
necessary to exenterate the orbital con- 
tents. The initial incision is so altered, as in 
Figure 1. If the disease extends medially 
into the ethmoid area, this region can be 
more thoroughly exenterated. Tumor in- 
volvement of the skin overlying the maxilla 
necessitates the removal of a wide area of 


hic. 4. Defect in palate following resection 
of maxilla. 


Carcinoma of the Maxillary Antrum 


Fic. 5. Obturator type of prosthesis used to fill 
defects such as in Figure 4. 


skin with the specimen. The cavity that 1s 
thus created can usually be managed by 
one of several methods. With no evidence of 
persisting disease, the denuded portion of 
the cavity may be covered with a split 
thickness skin graft, and the remainder 
packed with vaseline gauze. In the event 
of persistent disease, it is unwise to cover 
that area with a graft as further treatment 
will be necessary. 

During the postoperative period, feed- 
ings are administered through a nasogastric 
tube. Through this period, it is of the ut- 
most importance that oral sepsis be con- 
trolled by use of oral irrigations and anti- 
biotic therapy. The vaseline gauze packing 
is removed after several days, and the 
cavity is fitted with a soft rubber sponge 


Kic. 6. Prosthesis in place. 
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kic. 7. Postoperative appearance following surgical 
resection of the maxilla through a Weber-Fergus 
son incision. 
prosthesis. When the patient is able to 
tolerate this pack, oral feedings are begun. 
Radiation Therapy. Radiation therapy is 
advocated postoperatively, first, in that 
group of cases in which it is definite that all 
of the tumor has not been removed, and, 
second, in that group in which, although it 
is felt that the tumor has been removed, the 
margin of excision is not considered sufth- 
ciently wide. The cases in which it is felt 
that the tumor has been completely and 
widely resected are not subjected to radia- 
tion therapy. Because of the easy accessibil- 
ity to the defect, intracavitary radiation 
has been considered the most advantageous 
form to use. As soon as the healing 1s 
sufficient, which is usually within the first 
few postoperative days, either a sponge 
rubber prosthesis or a plaster mold 1s 
made. The surface of this mold is then im- 
planted with one of the radioactive 1so- 
topes. The surface can be differentially 
loaded, depending upon which area it was 
thought at the time of surgery needed 
further treatment. The mold can then be 
inserted into the cavity and allowed to 
remain in place for the sufficient number 
of days necessary to deliver an adequate 
amount of irradiation. 
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Radioactive isotopes have been used jn 
preference to radium and radon seeds for 
several reasons. The isotopes are generally 
considered sater to handle. It is known that 
radium needles occasionally break, and if 
the radium salt is absorbed by the tissues, 
death ultimately results. In addition, if the 
radon seeds are used, the gas may escape 
and produce a great variation in the 
strength of the seeds that are employed. In 
contrast, the metallic radioisotopes are very 
uniform in strength. By simply cutting a 
radioactive wire into equal length seeds, it 
is possible to have a minimal amount of 
variation strength.' Being metallic, 
the seeds can be handled with an electro- 
magnet, and thus the hazard in handling is 
much less. Still another advantage of the 
metallic isotopes is the feasibility of load- 
ing them into flexible nylon applicators.’ 
The radiating properties are such that 
they do not require as heavy shielding as 
radium. The following isotopes have been 
used in this manner: Au!®’, and 
Cobalt 60 has a half life of 5.3 vears. It isa 
gamma irradiator of approximately 1.3 
million volts. Iridium 1g2 has a half life of 
72 days, and it is a softer gamma irradiator 
of approximately 0.3 million volts. Gold 


Fic. 8. Roentgenogram disclosing bone destruction 


of the superior and lateral walls of the right an 
trum due to carcinoma. 
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198 has a half lite of 2.70 days and is a 
gamma irradiator of about 0.4 million volts. 
The longer lasting isotopes are easier to 
calibrate as the rate of decay is slower. On 
the other hand, the shorter acting isotopes 
are advantageous In that, if an area is con- 
taminated or if a seed is lost in the tissues, 
no harm is done as the effects are soon dis- 
sipated. Other than this, it makes no prac- 
tical difference as to which radioisotope is 
used. 

When healing is sufficient, a mold is 
made to fit the defect. This can be either a 
soft sponge rubber prosthesis or one of a 
plastic material. When the rubber sponge is 
used, the radioactive seeds are loaded in 
nvlon applicators, and the applicators are 
then threaded through the periphery of the 
prosthesis (Fig. g and 10). If a plastic mold 
is used, the individual seeds are implanted 
directly into the mold. 


REPORT OF A CASE 
A typical case of cancer of the antrum 
was managed in the following manner. 


H.A., a fifty-nine year old white female, was 
first seen on December 28, 19$4, because of 
swelling of the right side of her face. She first 


Fic. g. Lateral roentgenogram showing prosthesis 


loaded with radioactive iridium in maxillary de 


fect after resection of carcinoma of the antrum. 
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ic. 10. Anteroposterior roentgenogram of same 
prosthesis as in Figure 9. 


noted a loosening of her upper artificial den- 
tures about three months previous to the initial 
examination, and, during the three weeks prior 
to this, she had noted a swelling of the right 
upper gum and face. Physical examination 
showed a swelling of the right cheek. In addi- 
tion, she presented a smooth mass widening the 
right upper alveolus. No ulceration was pres- 
ent. Roentgenograms (Fig. 8) revealed clouding 
of the right antrum with some bony destruction 
of the inferior and lateral walls. A biopsy of the 
alveolar mass substantiated the diagnosis of 
carcinoma. She was admitted to The Ohio State 
University Medical Center, and on January 65, 
1955, a resection of the right maxilla was carried 
out through a Weber-Fergusson exposure. One 
half of the hard palate was removed with the 
specimen. The tumor was found to extend into 
the upper lateral portion of the defect and into 
the pterygoid area. On the third postoperative 
day, the packing was removed, and on the 
sixth postoperative day, a sponge prosthesis 
was inserted enabling the patient to take diet 
by mouth. The prosthesis was then loaded 
peripherally with Ir, and was allowed to re- 
main in place for sufficient time to deliver an 
estimated tumor dose of 5,100 roentgens at a 


distance of 0.§ cm. (Fig. 9 and 10). Following 
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therapy, the patient was fitted with a dental 
prosthesis similar to that shown in Figures 
5 and 6. 


DISCUSSION 


Unfortunately, the early diagnosis of 
cancer of the antrum is seldom made. More 
often, bone destruction is present by the 
time the patient is first seen. If patients 
were seen while the primary tumor was still 
within the confines of the maxilla, it would 
be feasible to salvage a high percentage of 
cases, as this disease metastasizes very 
slowly. External radiation therapy alone is 
ineffective in most cases of cancer of the 
antrum since it is practically impossible to 
sterilize bone invaded with cancer cells. 
Surgery alone is also often inadequate be- 
cause the tumor frequently extends beyond 
the feasible lines of resection. Accordingly, 
it is recommended to combine surgery and 
irradiation. The plan of management 
advocated is wide surgical resection of the 
maxilla plus radiation therapy in the form 
of radioactive selectively im- 
planted into a mold prepared to fit the 
defect. In this manner, bone and fungating 
tumor are removed, and residual, non- 
resectable disease can be well localized and 
efficiently irradiated. It is hoped that with 


Isotopes 


Arthur G. James 
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this combination of methods of treatment 
carcinoma of the maxillary antrum can be 
more completely eradicated with less com- 
plication and an increase in survival rate. 


SUMMARY 


A therapeutic plan of management is 
suggested for the treatment of cancer of the 
maxillary antrum. This consists of radical 
surgical resection of the maxilla plus 
postoperative irradiation using radioactive 
gold, cobalt or iridium distributed in a 
tailored intracavitary mold. 


University Hospital 

Department of Surgery 

Ohio State University Medical Center 
Columbus, Ohio 
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CANCER OF THE BREAST, 1,661 PATIENTS* 
I]. CONSIDERATIONS IN THE FAILURE TO CURE AFTER 
RADICAL MASTECTOMY 
By ROBERT C. HICKEY, M.D. 


IOWA CITY, IOWA 


ORE. patients with mammary _neo- 
plasms are to be anticipated in our 
expanding aging population each successive 
year. The management of this illness is one 
of the most complex in cancer therapy. This 
cancer presents clinical problems which 
include sociologic and psychologic com- 
ponents. Curative therapeutic attempts 
cannot always be separated from the prob- 
lems of initiating diagnosis, of patient 
motivation to seek help, patient intelli- 
gence, geographic residence and _ regional 
facilities. A comfortable life for those 
beyond hope of cure is also a consideration. 
There are numerous. breast cancer 
studies. Each institutional or regional 
study depicts the disease, but probably 
reflects some local influences. While experi- 
ence from one area may be transferred to 
another, it must be put to test by compari- 
son before complete acceptance and appli- 
cation. This study was undertaken to help 
judge our current therapy and our future 
therapy through a background knowledge 
of previous local experience. Kunath* has 
reviewed a portion of the patients in- 
dependently from 1927-1932. The task at 
hand was to study the failure to cure after 
radical mastectomy. 


MATERIALS AND METHODS 


In twenty-four years, 1926 to 1949, 1n- 
clusive, 1,661 patients with mammary 


cancer were seen at the State University of 


lowa Hospitals. Data from the patients’ 
records} and Tumor Registry records were 
placed on I.B.M.t cards. The Tumor 


+ Appreciation for help is expressed to Doctors Martha C. 


Adrian, Zae Ashenbrenner, John Cirvaro, Gunnis Grandins, 
Ralph Holloway, Jr., and William Sterns, who assisted while 


fourth year medical students in collecting data. 
t International Business Machines 


Registry Statistician§ aided in the sur- 
vival calculations. Groups of charts were 
reviewed again for segmental study. All 
autopsy records were reviewed completely. 
Survivals were calculated from the date of 
diagnosis, that date when administrative or 
diagnostic efforts were undertaken in the 
patients’ behalf toward treatment of can- 
cer. No histologic or sexual segregation was 
done in calculation of results unless so indi- 
cated. Bilateral cancer was considered as 
part of the disease, and data for the 
calculations were recorded from the first 
primary neoplasm. Histologic slides were 
not reviewed; any specific statement or 
description in a chart denoting primary 
carcinoma was accepted. The terms cancer 
and carcinoma are used synonymously. 
Less than 3 per cent of patients were lost to 
follow-up, and these patients were con- 
sidered dead as of the date lost. Much of 
the follow-up was done of necessity through 
the Tumor Registry correspondence with 
patients, physicians, public officials, and 
the State Bureau of Vital Statistics. Cal- 
culations are in terms of survival. For 
attrition comparison, the 1940 census 
(about mid-point in time) was used to depict 
the survival of fifty-six year old white lowa 
women. The actuarial curves were cal- 
culated in the manner of Berkson and 


Gage.! 


RESULTS 

In another report,’ a study of the thera- 
peutic results is made. To review, the sur- 
vival of all (1,661) patients, treated and 
untreated, from data of diagnosis was 36.8 
per cent at five years; for 913 patients after 


§ Mr. Edward E.. Wieben’s help is acknowledged. 


* From the Departments of Surgery, College of Medicine, State University of Iowa, Iowa City, Iowa. Presented at the Thirty- 
eighth Annual Meeting of the American Radium Society, Houston, Texas, April g-11, 1956. 
Aided in part by The American Cancer Society, lowa Division Inc., and The National Cancer Institute. 
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RADICAL MASTECTOMY - 913 pts 
INFLUENCE OF STAGE OF DISEASE 
ON SURVIVAL 


56 W 
80% 14940 Census 
60% NODES 
4 NOT INVOLVED 
40% 
366 
20% 
NODES 
26 INVOLVED 
O %o 
10 15 2c 


Years after Therapy 


lic. 1. The most influential factor in determining 
the outcome is the stage of disease at the time of 
treatment. 


classical radical mastectomy with or with- 
out supplemental roentgen therapy, the 
survival was 46.8 per cent. The actuarial 
curves for the radical mastectomy patients 
are seen in Figure 1. The detailed analysis 
for untreated patients and patients treated 
for palliation is incomplete. 

The radical mastectomy operation was 
and is considered by us to be the standard 
elective therapy for breast cancer. As an 
attempt to improve upon this treatment, 
supplemental roentgen therapy was _ ad- 
ministered under the direction of Doctor H. 


Hickey Maren, 1959 
Dabney Kerr during the 1930 decade. 
Treatment of consecutive cases was at. 
tempted but proved impractical. Most 
patients were treated postoperatively, 

few were treated pre- and postoperatively, 
and the remainder preoperatively only, The 
techniques varied initially, but became 
reasonably standardized so that medium 


a 


voltage roentgen therapy was used with 
filtration of 0.¢ mm. Cu and 1.0 mm. Al 
(half-value layer o.95 mm. Cu). Using 
various sized fields, 200 r was administered 
to one or more portals daily for a total (air) 
dose of 2,000 r to each field. In analysis one 
method of radiation therapy did not effect 
survival differently from another. 

To assess the effects of supplemental 
irradiation, patients were compared who 
received all treatment at the University 
Hospitals. Upon inspection of the two 
groups, it became obvious that the ir- 
radiated group contained more _ patients 
with advanced disease. In comparison only 
survival and local recurrence of cancer were 
considered. Any surgical dithculties tollow- 
ing preoperative irradiation or late radia- 
tion changes were not analyzed. 

In T able 1 the ani ily sis of the two groups 
is shown arithmetically comparing pa- 
tients with or without axillary metastases. 
The supplemental radiation therapy did 
not improve the results after radical 
mastectomy. These data suggest that little 
difference existed in survival whether or not 


TABLE | 


ARITHMETICAL FIVE YEAR SURVIV 


Axillary 
Cancer 
Absent 


AL AFTER RADICAL MASTECTOMY 


Axillary 
Cancer Composite 
Present 


Per Cent Number Per Cent Number Per Cent Number 


All patients 366 $16 46.8 G13 
Operation only* 216 216 444 

Operation plus roentgen therapy 62.3 29.8 182 38.5 

* All treatment at State University of Iowa 

Note: Supplemental roentgen therapy did not improve the survival after radical mastectomy. The attempt was to compart similar 

patient groups, recognizing in retrospective analysis that irradiated patients were more unfavorable tn prognosis through clinical 


selection. 


per 
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roentgen therapy was added. In_retro- 
spective analysis it appears that through 
clinical selection the irradiated group com- 
prised more unfavorable patients to treat. 
The pattern of recurrent cancer was un- 
altered in essence after radiation therapy. 
The radiation therapy did not protect the 
irradiated sites from recurrence, and of 
course, distant metastases were unaffected. 
The comparative attrition curves with 
supplemental irradiation as the therapeutic 
variable are shown in Figure 2. The curves 
depicting results after supplemental radia- 
tion therapy were closely applied to those 
for radical mastectomy alone. In_ the 
separation of survival groups, the  sig- 
nificant factor was the presence and extent 
of metastases. 
FACTORS IN FAILURE 

For the individual patient with breast 
cancer, few predictions may be drawn. 
Upon investigation of groups some judg- 
ment may be made of factors which might 
intuence the outcome. The number of 
patients considered will be given where 
pertinent in each analysis. 

A. First attention should be directed to 
the population, the facilities, and the time 
period under consideration. The University 
Hospitals is a regional hospital which serves 
largely the indigent-ill from throughout a 
State of about 56,000 square miles. The 
patient population is relatively stabile, 
overwhelmingly Caucasian, and largely 
rural. In analysis this latter could not be 
judged closely. Illiteracy was negligible 
except for the few who were mentally in- 
competent. The average age was fifty-six 
years for all patients. 

The time covered was 1926 through 1949, 
and early in this period a major change in 
indigent-patient transportation took place 
so that beginning in 1934 a fleet of modified 
limousine-ambulances transported indigent 
patients for hospitalization and care to 
and from lowa City at public expense. The 
study spanned the financial depression 
years; it was in this period also that most 
patients were given radiation therapy. The 
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ATTRITION CURVES AFTER RADICAL MASTECTOMY 
INFLUENCE OF SUPPLEMENTAL 
ROENTGEN THERAPY ON SURVIVAL 


Without Roentgen 444 
o—o With Roentgen R,...... 270 


56 W 
1940 Census 


NODES 


NOT INVOLVED 


40% 
NODES 
INVOLVED 0 77 
215 
216 
10 15 20 


Years after Therapy 


ic. 2. The curves are sufficiently close that no 
additive value may be attributed to supplemental 
radiation. Again it is recognized that the clinical 
selection was unfavorable for radiation therapy. 


effects of altered transportation and the 
financial depression are not clear enough 
for current analysis. 

The University Hospitals serves patients 
in three financial categories. The numeri- 
cally larger indigent group are cared for and 
transported at public expense. The clinical- 
pay patients do not pay for physician-care. 
The patients in these two divisions are 
treated principally by hospital resident- 
surgeons. The private patients assume all 
financial obligations and have their choice 
of staff surgeons. The proportionate num- 
ber and results of therapy for each group 
are shown in Table 1. 

B. Cancer of the breast is patient-dis- 
covered. This was the recorded observa- 
tion in over go per cent of the patients with 
but 1.5 per cent detected on routine exami- 
nation elsewhere and 2.3 per cent upon 
hospital examination. A mass was the most 
significant finding. 

Physician failures were 
clouded by recorded historical vagaries. 
Procrastination was the most serious phy- 


diagnostic 


sician error. Acute inflammatory carcinoma 
was apparently a diagnostic problem. 
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» 
Taste I] 
RADICAL MASTECTOMY, 913 PATIENTS 
INFLUENCE AND QUERIES REGARDING ECONOMIC STATUS AND SURVIVAL 
—— f Five Year Average Axillary Concomitant 
Number o 
Survival Age Metastasis Diseases 
atients 
Per Cent Years Per Cent Per Cent 
Indigent $29 43.8 58 
Clinical Pay 178 $1.7 54 46 16 
Private 206 50.0 55 $9 Ic 


Note: The indigent patients had more concomitant diseases. Proportionately, cardiovascular and metabolic diseases ranked high 


Donnelly? reviewed a segment of our pa- 
tients with inflammatory carcinoma and 
found the true nature of the disease un- 
suspected initially in 4 of § instances. 
Pregnancy obscured the diagnosis of breast 
cancer in 3 of 4 instances. True “occult” 
carcinoma was exceedingly rare. Only 5 
patients were uncovered where distant 
spread of neoplasm preceded a detectable 


RADICAL MASTECTOMY 
INFLUENCE OF DELAY 
ON SURVIVAL 


56 Wf 
1940 Census 


4 O-2mos..i67 pts. 
2 2mos-tyr...378 
3 t-2 yrs..135 
>2 yrs..176 


40% 
4 
20% 4 3 2 
4 
5 10 20 


Years after Therapy 


Fic. 3. Historical delays in initiating treatment and 
the survivals are not directly correlated. The 
curves for 2 to 6 months, and 6 to 12 months were 
identical. Yet it would appear that were the long- 
delayed patients directed to earlier care, the 
over-all results would be improved. The patient 
must initiate the train of events. 


breast physical sign; however, at necropsy 
one of these patients had a I cm. cancerous 
cyst, which suggested an inadequate ante- 
mortem examination. 

C. Delay due to the patient’s failure to 
seek aid has long beenstressed as influencing 
the outcome in cancer therapy. Consider- 
ing all patients, the median delay was seven 
months from symptoms to treatment of 
any type. Attrition curves were constructed 
to show the results of radical mastectomy 
after various recorded historical delays 
(Fig. 3). A nearly insignificant spread is 
apparent, barely favorable to early diagno- 
sis. This is not an endorsement for in- 
difference regarding delay, for of the groups 
long-delayed or caused to be delayed, 
many with aggressive tumors did_ not 
arrive at the hospital. It is well docu- 
mented that smaller neoplasms are less 
likely as a group to have spread.” A 
localized lesion, promptly treated, affords 
the best outlook. Unfortunately confusion 
exists; a cancer may be small because of 
early diagnosis or because it is growing 
slowly. 

To test this entire proposition indirectly, 
an attempt was made to uncover a group 
of patients operated upon where cancer 
was not suspected, thus reflecting early 
diagnosis by a lack of physical signs. A 
group of 47 operable patients was studied 
where a partial or complete excision of the 
breast mass was carried out elsewhere, 
presumably for diagnosis, and upon es- 
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tablishing that a cancer existed, the pa- 
tients were treated definitively at the 
University Hospitals. It became obvious 
that the initial supposition and presumed 
early diagnosis were probably incorrect. 
There was recorded no lack of physical 
signs. These 47 patients had a five year 
survival of 57 per cent; 60 per cent had 
metastatic axillary cancer. The average 
time from first symptom to first excision 
was 7.3 months, and then to radical 
mastectomy 2.9 months more, although 
this latter period was consumed partially 
by preoperative irradiation. The small 
spread in results and the small series dis- 
allows drawing conclusions. 

The reasons for patient-delay were not 


completely investigated. Upon analysis of 


86 records where untreated patients pre- 
sented themselves only when prompted by 
the effects of metastatic disease, either 
regional or distant, the factors of fear, 
shame and indifference seemed prominent 
in causing delay when pain was lacking. 

D. The selction of patients for radical 
mastectomy is difficult to analyze. Bearing 
on the failure to cure are the patient’s age, 
stage of disease and frailty, as well as the 
presence and severity of concomitant dis- 
eases. Surgeons must cope individually 
with possible overly rigid criteria for 
operability of patients, or the converse, 
overlooking other palliative means in the 
very frail patient or one with advanced 
cancer. 

The survival after radical mastectomy 
for g13 patients is shown arithmetically, 
Table 1. The Berkson-Gage attrition curve 
(Fig. 1) indicates that when distant 
metastases were present or appex ired during 
the hospitalization for therapy, the out- 
come was poor. In appraisal of physical 
signs, patients demonstrating invasion of 
the chest wall, inflammatory carcinoma, 
large open ulcers, edema of the arm, 
satellite skin nodules, and extensive edema 
of the breast exhibited poor survival rates 
(Fig. 4). Of pregnant patients with cancer, 
40f 5 patients died within five years and the 


100% 


RADICAL MASTECTOMY 


INFLUENCE PHYSICAL SIGNS ON SURVIVAL 


Patients 5 Year 
Open ulcer, large... . 39 20% 
Satellite skin nodules . . 28 33 
Fixation chest wall .... 59 38 
Inflammatory... 17 
Skin edema, 1/3 breast. <a) 27 
Skin edema, 2/3 andmore. 18 17 


Kic. 4. Actually the physical sign has no influence 
on survival; the physical sign reflects an advanced 
lesion. 


other patient was not operated upon and 
was lost to follow-up. There was an in- 
adequate sample of accurately measured 
lesions for analysis by size. 

EK. As analytic variables, patient-age and 
active menses were inseparable. Younger 
patients lived longer after therapy in 
general, and so did the pre-menopausa! 
patients (Fig. 5 and 6). It was of interest 
to note, however, that surgically or roent- 
genologically induced menopause afforded 


RADICAL MASTECTOMY - 913 pts. 
INFLUENCE OF AGE 
ON SURVIVAL 


56 W ¢ 
1940 Census 


§ 25-39... 70pts. 
2 40-49..208 
3 50-59..270 
4 60-69..233 
5 70-79..121 


80% 


60% 


G >80.......9 
40% 
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20% 
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Years after Therapy 


Kic. 5. When the patients subjected to radical 
mastectomy are partitioned by age, the attrition 
curves are grouped up to five years, except in the 
very aged. The spread past five years, other than 
in the group 25—39 years of age, probably reflects 
influences other than breast cancer. 
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Radical Mastectomy 
INFLUENCE OF MENOPAUSE 


ON SURVIVAL 
Patients 5 Year 
Pre-menopause. .... 253 47.4% 
Post-menopause .... 556 46.6 
No mention ...... 74 40.5 
Induced menopause, 
prior to CANCER .. 23 47.0 


Fic. 6. Clinical or induced menopause did 
not influence survival. 


no protection against later 
cancer in 23 patients (Fig. 6). The median 
age was forty-seven years at such meno- 
pause, with the spread from nineteen to 
fifty-five years. The over-all five year 
survival was 46 per cent. For the 13 under 
forty-seven years at the induced meno- 


mammary 


pause it was 46 per cent also. The average 
age at which the cancer presented was 
fifty-six years. 

Male patients did less well. Most of these 
men died ultimately of their cancer. The 
age at diagnosis averaged sixty-five years, 
and men made up about 1 per cent of the 
total number of patients. 

F. Individual surgical skill was not 
assayed. Seventy-five surgeons cared for 
the patients, mostly residents in training. 
An analysis by financial category after 
treatment revealed that the indigent pa- 
tients did poorer while the private pa- 
tients and the clinical-pay patients did 
better. The indigent and the clinical-pay 
patients were treated by the same phy- 
sicians, so physician skill was an unlikely 
factor in determining the outcome. The 
indigent patients were found to be slightly 
older and had a greater number of con- 
comitant diseases (Table 11). These factors 
were determined by inspection of the hos- 
pital charts preoperatively. Outstanding 
numerically were cardiovascular and meta- 
bolic diseases. When put to test by separa- 
tion as a group, those designated as having 
a concomitant disease did poorly (Fig. 7). 

G. An appraisal of the sites of first can- 
cer recurrence has been reported.’ Patterns 
alone were considered since only the first 
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recurrences were evaluated. Of most con. 
sequence was a localized breast cancer at 
operation for then recurrences were few. 
Radiation therapy failed to protect against 
local recurrence of cancer. The local and 
distant recurrence rates anticipate in time 
of appearance the Berkson-Gage falling 
actuarial curves. These rates were high 
in the first three years and continued 
slowly past ten years. A high rate of recur. 
rence locally when axillary lymph nodes 
are present is discouraging, for this is the 
area which is cleared presumably by the 
classical radical mastectomy. This should 
be particularly discouraging to the pro- 
ponents of superradical surgery. 

H. Operative or hospital deaths ac. 
counted for 22 failures in 20 female and 2 
male patients, with 19 deaths occurring 
after radical mastectomy and 3. after 
palliative simple mastectomy (Fig. 8). For 
radical mastectomy the risk of death was 2 
per cent. With respect to surgical risk, 12 
patients had coexistent physical disorders; 
3 of these patients were obese, and in addi- 


RADICAL MASTECTOMY - 913 pts. 
INFLUENCE OF CONCOMITANT DISEASES 
ON SURVIVAL 


100% 


4 


56 WE 
1940 Census 


80% 
60% 4 
40% "CONTROL" 
690 
20% 4 CONCOMITANT 
DISEASES 
| 223 
10 15 20 
Years after Treatment 
Kic. 7. The presence of concomitant diseases at 


treatment changes the attrition curve. This is 
true particularly of mammary cancer which has a 
long natural history. The term “control’’ desig- 
nates patients without a known serious illness 
other than cancer. 
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tion, 3 others were described as obese. 
Ages ranged from forty-one to eighty-one 
years and the average was sixty-five years. 
Often one complication led to another, 
ultimately causing death. The records sug. 
gested either specifically or by interpreta- 
tion of context that 7 patients, with 
advanced disease or because of frailty, could 
have been well treated by palliative roent- 
gen therapy, and thereby spared this early 
death. 


COMMENT 


Dissemination of mammary cancer is the 


major factor in failure to cure. The rate of 


embolization is a little understood bio- 
logic variable, but the routes are known in 
part at least from the description of Stiles!® 
and Rouviére,!? and from clinical observa- 
tions and injection studies of particulate 
matter. Were both rate and route known, a 
formula of therapy could be proposed and 
results predicted. 

The great variable is the biologic activity 
of the cancer; the ability of the host to resist 
is more difficult to The specific 
forces influencing each are unknown. It 


assess. 


MASTECTOMY DEATHS 


Female 20 Radical 19 

Male 2 Simple 3 
Pulmonary embolus 7 
Coronary, cardiac failure 4 
Operative shock, trauma 4 
Wound infection 3 
Cerebral vascular accident 2 
Clotting dyscrasia ] 
Air embolus ] 


2% 


Fic. 8. The causes of death after mastectomy are 
recorded. Of the cases with pulmonary embolus, 
3 demonstrated antemortem 
one of which was in the arm from a constrictive 
dressing. The mortality from radical mastectomy 
Was 2 per cent. 


vascular changes, 
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is a clinical observation that breast cancer 
may show spurts of activity, with quiescent 
periods, and that a swiftly growing cancer 
holds a poor prognosis while an indolent 
lesion may spare the host for a long time. 

The breast is an embryologic skin append- 
age. Krom ectodermal infoldings the ducts 
and glands develop so that this organ 
rests between the skin and the muscular 
fascia, and so also between dermal and 
fascial lymphatic networks. As the lymphat- 
ic networks intercommunicate, transporta- 
tion of particulate material and emboli 
from within the breast may go in either 
direction. The cutaneous lymph network 
extends in a contiguous manner over the 
anterior thoracic region, the neck, upper 
extremity, abdomen, and across the mid- 
line. The principal collecting channels are 
at fascial level as emphasized by Stiles'® and 
by Heidenhain.* 

The lymphatic drainage of the mammary 
gland which is mainly through the axillary 
lymph node system, but not uniformly 
constant, is shown in Figure 9. To gain 
access to the axilla the flow is through the 
paramammary lymph nodes (1), lateral to 
the pectoral muscles, then to the sub- 
scapular axillary nodal group (2). In 
sequence the drainage may pass upward to 
the central lymph nodes at the pectoralis 
minor level, to the apical group at the first 
rib level and finally to the supraclavicular 
sentinel lymph node or nodes (5); there- 
upon, the lymph enters the venous stream. 
Another channel, as shown, is through 
Rotter’s interpectoral nodes (3), to con- 
tinue in flow to either the highest axillary 
or to the sentinel lymph nodes directly. A 
further pathway filters through the in- 
ternal mammary lymph nodes (4) to the 
supraclavical sentinel lymph nodes. Drain 
age to the round ligament and porta 
hepatis lymph nodes occurs also (7), as 
does drainage across the midline (6) to the 
other breast and axilla. 

The tumor site within the breast may 
influence the direction of embolization. 
Cancers inferior, medial or subareolar 
may stream along paths other than directly 


|| 
12 
crs; 
SES 
Zz 
= 


Kic. g. The 
lymphatic drainage. 
through the axillary filter system. The 


gland has an extensive 
The principal pathway is 
Arabic 


nodes; 


mammary 


numerals connote: (1) paramammary 
(2) subscapular axillary nodes; (3) Rotter’s inter- 
pectoral nodes; (4) internal mammary 
(5) supraclavicular nodes; (6) drainage to opposite 
breast and axilla; (7) round ligament and porta 
hepatis drainage. 


nodes; 


to the axilla. The cancer’s biologic growth 
potentials may alter all these considera- 
tions. It becomes difficult microscopically 
at times also to say cancer has not entered 
the veins directly within the breast. 
While differences of opinion are voiced 
weakly for the effects of age, hormonal 
balance, delay to therapy, and such, loud 
and widely divergent opinions are held 
regarding definitive therapy presumably 
purpose il in encompassing the local tumor 
and the potential routes of regional embolic 
spread of cancer. Small and Dutton" state 
that 24 to 38 per cent of patients behave as 
cured regardless of the type of therapy. 
Wade!’ collected from the literature 777 
patients with untreated cancer of the 
breast and arrived at a mean over-all 
survival of thirty-eight months. Shimkin, 
et al.* compiled data on 372 patients with 
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March. 1957 
recurrent disease trom a primary operable 
group and included 9g cases which were 
in Stage 1v on admission. The mean gyr. 
vival in this University of California 
group was forty-eight months or more, 
Thus, it seems the worst that we can do in 
cancer of the breast is to improve pa- 
tients’ survival time by ten months through 
surgical and/or medical mi anagement, if all 
other variables are equal. Most experienced 
in superradical surgery is Margottini,® who 
has now compared at five years 150 patients 
operated upon with an extended en dloc 
internal mammary lymph node dissection 
and a staged supraclavicular lymph node 
dissection. He has had an improvement in 
the five year survival of 15 per cent. 
Soon after the radical mastectomy was 
perfected, efforts were directed to improve 
results. The turns were to radical mastec- 
tomy with supplemental radiation of vari- 
ous types and to extended operations, 
Halsted‘ carried out supraclavicular dis- 
section and described 3 mediastinal dis- 
sections by 1898. Skin grafts have been 
popular from time to time as a routine, 
Stiles wrote aptly in 1899 of the supra- 
clavicular lymph nodes, ““What we spe- 
cially wish to learn is: 1) In what propor- 
tion of cases can cancer be demonstrated 
microscopically without evidence to palpa- 
tion? 2) What is the proportion of cures 
where these glands (are) found diseased?” 
These are this very day! 
Some pessimism is seemingly Justified in 
scanning the prospects of superradical 
surgery. To extend the criteria of operabil- 
ity negates such clinical experiments and 
dooms them to failure. It may well be that 
elective removal of the internal mammary 
lymph filter system will improve the results 
for medially placed lesions. If both axillary 
and internal mammary lymph nodes are 
involved, most likely, failure is inevitable. 
The over-all benefit to the problem of 
breast cancer through superradical therapy 
seems small, but the question is open. 
Conventional radiation therapy has ques- 
tionable benefits as a supplemental pri- 
mary therapy; new radiation techniques 
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may be better. New drugs, new methods 
and other agents may benefit large num- 
bers. 

The classical radical mastectomy is a 
proved surgical procedure. The results in 
mid-America are reasonably predictable*® 
if all variables are considered. Selection of 
patients to preserve the good name of an 
operation is artificial. Rigid patient selec- 
tion would allow only a small proportion 
of all patients to be benefited by mastec- 
tomy even though the statistical survival 
results for those subjected to operation 
might be improved. One must grant freely 
that wanton abuse in the application of 
radical mastectomy is poor clinical judg- 
ment. More careful selection of patients is 
justified. In most palliation, skillful radia- 
tion therapy holds first place. 

The growth potential of the cancer 
outweighs other considerations in failure. 
The outcome is reflected by the sum total 
of interactions between the cancer and 
host. This has been stressed by Mac- 
donald."! To assign a numerical value to 
this potential is impossible, but in analysis 
the extent of the disease at treatment offers 
the best measure for anticipation of the 
patient's future. 

The age of the patient becomes im- 
portant in the older groups, an influence 
apart from cancer itself. Young women 
seemed to do poorly also, but numbers 
were few. Individual surgical skills were 
not analyzed, but as suggested by compar- 
ing private and indigent patients, the 
difference in outcome was again an in- 
fluence apart from the cancer. Other ail- 
ments were a force in partitioning survival. 
Male patients did more poorly and were 
older. Physician diagnostic errors had a 
minor role other than for some procrastina- 
tion. The analysis of discrete physical 
signs all reflected advanced cancer. 

It is obvious also that patient delay to 
treatment as recorded historically was not 
a major factor. Unfortunately delay and 
cure rate do not mirror a straight recip- 
rocal relationship. Yet, in this sphere 
there is room for improvement although 
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undoubtedly, skepticism is justified. A 
delay past two years in 18 per cent of the 
patients is excessive. Were these patients 
treated at two months, the results should 
have been better. If all patients mentally 
prone to delay two years were treated at 
two months, there would be more patients 
to operate upon, for of this group some 
undoubtedly became inoperable at home. 
This could be defined as a portion of the 
over-all benefit. 

It would appear that in a given geo- 
graphic area with a known high literacy 
rate and the known fact that breast 
cancer is patient-discovered, public educa- 
tion has considerable to offer. Stage of 
disease at treatment outweighs other fac- 
tors; a lesion limited to the breast and 
without spread offers the best opportunity 
for cure. A cancer with early and great 
growth activity may be beyond our ability 
in current knowledge to cope with success- 
fully. Yet this avenue of stressing judicious 
early treatment might influence the over- 
all results from a region. It may mean that 
more patients will be treated, with the 
same relative therapeutic results. If the 
biologic history of breast cancer is under- 
stood, encouragement to a program of edu- 
cation, directing patients to early treat- 
ment, may be undertaken without physician 
self-deception. 


SUMMARY 


In twenty-four years, 1,661 patients 
with epithelial breast cancers were seen at 
the State University of Iowa Hospitals. 
The over-all results indicated that 36.8 per 
cent of these patients were alive after five 
vears from the time of diagnosis. Of 913 
patients with radical mastectomy, 46.8 
per cent were alive at five years from the 
time of diagnosis. 

The most important influence in failure 
was the stage of disease at treatment. 
Other factors had minor roles by compari- 
son. 

The biologic history of breast cancer 
must be appreciated, and if known, further 
encouragement may be given to a program 
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of directing patients toward early therapy 
in an effort to improve the over-all results 
in breast cancer in a geographic area. This 


cancer is patient-discovered. The train of 
events to treatment must be 


initiated by 


the patient. 


College of Medicine 
State University of lowa 
Iowa City, Iowa 
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RADICAL MASTECTOMY WITH EN BLOC IN 
CONTINUITY RESECTION OF THE INTERNAL 
MAMMARY LYMPH NODE CHAIN* 


By JEROME A. URBAN, M.D. 


NEW YORK, NEW YORK 


[ PRESENT, the five-year salvage 
A rate of primary operable breast cancer 
treated by radical mastectomy is approxi- 
mately 55 per cent in most of the large 
medical centers in this country. This is a 
two-fold increase in salvage as compared 
with the five-year survival rate of 28.9 
per cent cited by Halsted in 1907. This 
improvement is mainly due to earlier 
detection and treatment of the cancer be- 
fore widespread dissemination has taken 
place. 

About 50 per cent of primary breast 
cancers are still lost within the first five 
years following radical mastectomy. Short 
of an effective treatment, im- 
provement in the primary control of this 
disease will come most likely from two 
main sources: (1) most important—earlier 
detection and earlier radical surgical re- 
moval of the cancer; (2) More adequate 
removal of the cancer together with its 
primary lymphatic drainage depots. A 
combination of these two 
plemented by roentgen therapy will cer- 
tainly increase our salv age rate, provided 
the more 
panied by increased morbidity and mortal- 
ity. 

Although the classic radical mastectomy 
is generally accepted as the primary 
therapy of choice for primary operable 
breast cancer, two opposing trends have 
appeared in the last decade. McWhirter® 
of Edinburgh advocates simple mastec- 
tomy roentgen 


systemic 


factors com- 


radical surgery is not accom- 


followed by aggressive 
therapy. He maintains, but has not proved, 
that radical surgery spreads breast cancer. 
He believes th; it he has 
salvage rate by depending 
aggressive deep roentgen therapy. 


increased his 
mainly on 


How- 


ever, his most recently published five-year 
Si ilvage rate of 42 per cent for all primary 
breast cancers (excluding only previously 
treated cases with recurrent disease) does 
not measure up to the results obtained at 
the Memorial Center in New York City 
the five-year salvage rate of all 
cancers (excluding only 
previously treated cases with recurrent 
disease) treated mainly by radical mas- 
tectomy, in the years 1945-1946 was 49 
per cent. The 7 per cent increase in salvage 
rate 1s significant, and, we believe, demon- 
strates the superiority of radical mastec- 
tomy over simple mastectomy followed by 
roentgen therapy as the primary therapy 
for operable breast cancer. 

During the same period several surgeons 
have devised procedures in which the 
radical mastectomy operation was ex- 
tended in order to more adequately remove 
the breast cancer together with its lym- 
phatic drainage depots. In America, Wan- 
gensteen™ at the University of Minnesota 
combines the classic radical mastectomy 
procedure with a dissection of the supra- 
clavicular space up to the upper margin of 
the thyroid cartilage, resection of the 
internal mammary chain from the fifth 
intercostal space to the base of the neck, 
and a dissection of the anterior medias- 
tinum along the innominate veins. This 
operation is done in two steps and is not 
an en bloc procedure. It has been ac- 
companied by a significant postoperative 
mortality rate. In Denmark, Dahl-Iversen 
has included a supraclav icular and internal 
mammary resection together with radical 
likewise, is not an in 
Margottini,® in 
the internal 


where 


primary breast 


mastectomy. This, 
continuity procedure. 
Rome, the first to remove 


Presented at the Thirty-eighth Annual Meeting of the American Radium Society, Houston, Texas, April g-11, 1956. 
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mammary lymph nodes routinely as a 
therapeutic measure, has extended the 
usual procedure by resecting the internal 
mammary lymph nodes following radical 
mastectomy by incising and retracting the 
cut margins of the second, third and fourth 
costal cartilages and removing the internal 
mammary chain of lymph nodes together 
with the internal mammary vessels extra- 
pleurally. Of approximately 500 
treated in this manner, 22 per cent showed 
positive internal mammary lymph nodes. 

Even though we believe that 
lymphatic spread of cancer occurs by 
embolism rather than by permeation of the 
lymphatic vessels, we feel that a thorough, 
complete excision of a lymph node depot 
can best be accomplished by en dloc in 
continuity excision of that group of lymph 
nodes together with the surrounding tissues 
at the time of primary extirpative surgery. 
With this basic philosophy, we have devel- 
oped an operative procedure “radical 
mastectomy with en d/oc in continuity re- 
section of the internal mammary lymph 
node chain” designed to remove the pri- 
mary cancer in continuity with both of its 
primary lymph node drainage depots—the 
axillary and the internal mammary lymph 
node chains. 

Primary drainage of cancer of the breast 
is by two routes, lymphatic and hematog- 
enous. The main primary drainage is via 
the lymphatic vessels draining the breast 
into the axillary and internal mammary 
lymph node depots. From these depots 
secondary drainage extends mainly into 
the lymph nodes at the base of the neck, 
where the lymphatic vessels also drain into 
the jugulo-subclavian venous junction. 
When cancer cells enter this venous junc- 
tion, the disease becomes systemic and is 
beyond the scope of extirpative surgery. 
Another less frequently traversed route of 
primary lymphatic spread is via the inter- 
costal lymphatics. Between 10 and 1¢ per 
cent of all primary breast cancers spread 
primarily through hematogenous routes 
and are not amenable to our present modes 
of cancer treatment. 
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Taste I. Findings of internal mammary biopsy at 
the time of radical mastectomy for 100 consecutive 
primary operable breast cancers. 


INTERNAL MAMMARY BIOPSY IN 
CARCINOMA OF THE BREAST 


Half | Outer Half | Total 

Total Coses | 62 (100 
All Nodes Clear 10 | 23. | 33. 
Internal Mammary Only nt 

__lnvaded 4 
Axilla Only invaded 6 | 28 34 
Both Internal Mammary [a 

and Axilla invaded Ig 10 29 


'952- RS Handley 

The axillary lymph nodes represent the 
primary lymph node depot most frequently 
involved with metastases. There is abun- 
dant proof to show that the next most fre- 
quently involved regional lymph node 
depot is the internal mammary chain of 
lymph nodes. Handley and Thackray in 
1952, after biopsying the internal mam- 
mary lymph nodes at the time of radical 
mastectomy in 100 consecutive operable 
breast cancers, demonstrated that about 
one-third of all the cases showed metas- 
tases in the internal mammary lymph 
nodes. The incidence of involvement varied 
from 60 per cent for the medial half lesions 
to about 18 per cent for the outer half 
lesions. Additional information regarding 
the relative incidence of metastases to the 
primary lymph node depots was furnished 
in 1954 by Andreassen, Dahl-Iversen and 
Sorensen* who the relative fre- 
quency of metastases to the axillary, supra- 
clavicular and internal mammary lymph 
early primary 


show ed 


nodes in a series of 100 
cases. In this group §5 per cent showed all 
lymph nodes clear, 41 per cent had positive 
axillary lymph nodes, 17 per cent had posi- 
tive internal mammary lymph nodes and 
only 3 per cent had positive supraclavicular 
lymph nodes. In 8 per cent of the cases 
only the internal mammary lymph nodes 
were involved with metastases. 

Since the internal mammary chain of 
lymph nodes is a primary drainage depot of 
the breast and since it is frequently in- 
volved with metastases, the first and most 
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Tape Il. Findings in 100 primary operable breast 
cancers undergoing radical mastectomy with 
supraclavicular and internal mammary lymph 
node resection. 

100 CASES OF PRIMARY OPERABLE BREAST CANCER 

241% axilla + 
Overall 17% internal mammary + 


3% supraclavicular + 


7% supraclavicular nodes + 
When axilla +¢ 
32% internal mammary nodes + 


O supraclavicular nodes + 
When axilla 
8% internal mammary nodes + 


(Dahl-Iversen and Sorensen, 1954) 


logical step in extending the surgical 
attack on primary operable breast cancer 
is to combine the en d/oc in continuity re- 
section of the internal mammary lymph 
node chain together with the radical 
mastectomy procedure. Since early 1951, 
we have removed the internal mammary 
chain of lymph nodes ev d/oc in continuity 
with the radical mastectomy procedure in a 
series of 215 cases of operable breast 
cancer by resecting the full thickness of 
that portion of the chest wall which con- 
tains the internal mammary lymph nodes 
in continuity with the radical mastectomy 
specimen. The resultant defect in the chest 
wall has been repaired satisfactorily with a 
tense fascia lata graft. A practical tech- 
nique which resulted in minimal deformity, 
good functional result and slight morbidity 
with no mortality has been 
developed. This technique has been applied 
mainly to subareolar and medial quadrant 
lesions since they frequently metastasize 
to the internal mammary lymph _ nodes 
early in the course of disease. 

In essence, the full thickness of that 
portion of the chest wall which includes the 
ipsilateral internal mammary lymph node 
chain is resected ev d/oc in continuity with 
the radical mastectomy specimen. The 
operative defect in the chest wall is re- 
paired with a tense fascia lata graft and 
primary closure of the skin is obtained by 
mobilization of flaps. 


in creased 
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Careful postoperative supervision is 
necessary to insure a smooth convalescence 
and to avoid increased morbidity and 
mortality. We have adhered to a strict 
postoperative regimen and feel that this is 
largely instrumental in obtaining a satis- 
factory postoperative course. Out of 215 
patients who have undergone this pro- 
cedure, we have had only one postopera- 
tive death—this in a sixty-two year old 
female with hypertension who succumbed 
to a cerebral vascular thrombosis two 
days postoperatively, following an appar- 
ently uneventful initial recovery. 


OPERATIVE FINDINGS 


Two hundred and fifteen patients ranging 
from thirty to seventy years of age have 
undergone this operative procedure with 
only one postoperative death. There has 
been only slight increased immediate post- 
operative morbidity but no appreciable 
long-standing morbidity. With the fascia 
lata graft applied on the outer surface of 


kic. 1. Diagram of the primary lymphatic 
drainage of the breast. 
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Fic. 2. 4-F. Operative procedure and sketch of the operative specimen showing the relationship 
between the primary tumor and the primary lymph node depots draining the breast. 


the chest wall, little added deformity is 
apparent as compared with the classic 
radical mastectomy procedure. Of 215 cases 
analyzed, positive internal mammary 
lymph nodes were found in 35 per cent 
while the axillary lymph nodes were posi- 
tive in 50 per cent. Fourteen per cent of 
those patients in whom the axillary lymph 
nodes were negative had positive internal 
mammary lymph nodes. When the axillary 
nodes were positive, 60 per cent of the 
medial lesions showed positive internal 
mammary lymph nodes while 40 per cent 
of the outer quadrant lesions also showed 
positive internal mammary lymph nodes. 


In only one case where the primary tumor 
presented in the outer quadrant of the 
breast and where the axilla was negative 
did we find the internal 
mammary lymph nodes. Seven per cent of 
all cases showed only positive internal 


metastases 1n 


mammary lymph nodes. 

The highest incidence of 
lymph nodes in the internal mammary 
chain appeared in the second interspace, 
then the third and finally in the first inter- 
space in that order. The fourth interspace 
was relatively infrequently involved and in 
only 3 cases did we find positive lymph 
nodes in the the fifth interspace. In the 
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TaBe III. Operative findings in the first 215 cases undergoing radical mastectomy with in 
continuity en d/oc excision of the internal mammary chain. 


NODE METASTASES IN PRIMARY OPERABLE BREAST CANCERS 
UNDERGOING COMBINED PROCEDURE 


Location 


of cases 


Total number 


44 | 6 | 215 


All nodes clear 22141 | 3} 4) 1 | 92 


Internal mammary 
only involved 17 7% 


Axillary only 


invaded 3 12215141516) 3] 48 22% 
Both internal 
mammary and 60 28% 


axillary invaded 


B | 


Overall Group 


43% All nodes clear 

35% Positive internal mammary 

50% Positive axillary 

2l5 7% Only positive internal 
mammary 

14 % Cases with clear axilla had 

positive internal mammary 


first 50 cases with positive internal mam- 
mary lymph nodes, a marked preponder- 
ance of positive lymph nodes was noted on 
the sternal side of the internal mammary 
vessels. The medial lymph nodes were 
positive in 82 per cent while the lateral 
lymph nodes were positive in only 54 per 
cent of all these cases. 

At present 70 cases of primary operable 
breast cancer have undergone this pro- 
cedure more than three years ago. In this 
group 37 per cent had positive internal 
mammary lymph nodes while 57 per cent 
had positive axillary lymph nodes. The 
three-vear survival rate in this group is 81 
per cent and the three-year survival rate 
clinically free of disease is 67 per cent. We 
now have ¢ patients who had _ positive 
lymph nodes in the axilla as well as in 
the internal mammary chain of lymph 
nodes who were operated upon more than 
four years ago and who are living and 
well, clinically free of disease. 

Seven patients have undergone bilateral 
operations. In one instance the combined 
operation was applied to both sides with 


a twelve month interval between opera- 
tions. A classic radical mastectomy was 
performed on 2 patients who had pre- 
viously undergone a radical mastectomy 
with en d/oc resection of the internal mam- 
mary lymph node chain. In 4 cases the 


Tasre IV. Three-year survival rates for the first 70 
primary operable breast cancers treated by radical 
mastectomy with em d/oc in continuity resection 
of the internal mammary chain. 


COMBINED PROCEDURE-3-YEAR SURVIVAL RATE 


Number | Living a 
metastases 

Total 70 57 10 
All nodes clear 26 26 3 
Internal mammary 4 3 | 
only invaded (| post- op. death-stroke) 
Axilla only invaded 18 17 3 
Both internal mam- 
mary and axilla 22 
invaded 


37 % internal mammary positive (26/70) 
57% axilla positive (40/70) 


57/79=81 % living 3 years postop. 
47/7 =67 % living 3 years clinically 
free of disease 
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combined operation was done following a 
radical mastectomy on the opposite side. 
All 7 patients healed without difficulty and 
tolerated the second procedure well. 

When done under ideal conditions, this 
procedure has not caused any appreciable 
interference with the patient’s normal 
activities. All patients operated upon have 
returned to their former state of general 
activity. The procedure is a practical one 
necessitating hospitalization for only seven 
or eight days postoperatively. 


SUMMARY AND CONCLUSIONS 


At present the best five-year salvage 
rates in the treatment of operable breast 
cancer have been obtained through the 
classic radical mastectomy procedure. In 
the larger medical institutions in this 
country, these results have excelled those 
obtained through a combination of con- 
servative surgery and aggressive roentgen 
therapy. 

We believe that an increased salvage 
rate of operable breast cancer will be 
obtained through a combination of early 
diagnosis and early, more thorough, sur- 
gical treatment. The first step to be con- 
sidered in extending the radical mastec- 
tomy is the addition of an in continuity e7 
bloc resection of the internal mammary 
lymph node chain which is a_ primary 
lymphatic drainage depot of the breast. 
This operative procedure has been de- 
scribed and the experiences and _ findings 
tabulated. Two hundred and fifteen cases 
have undergone this procedure with only 
one postoperative death. Thirty-five per 
cent of the patients undergoing this pro- 
cedure would have harbored gross meta- 
static lymph nodes if they had_ been 
treated by the classic radical mastectomy 
procedure. In 15 cases undergoing this 
procedure, only the internal mammary 
lymph nodes showed metastases. A three- 
year survival rate of 81 per cent was ob- 
tained in the first 70 primary operable 
breast cancers undergoing this procedure. 
At present, we have had only 3 local re- 
currences as the first sign of recurrent 


Jerome A. Urban 
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disease. Five patients with positive lymph 
nodes in the axilla as well as the interna] 
mammary chain are now living and well 
more than four years postoperatively with 
no evidence of disease. 

In order to succeed, this more thorough 
surgical procedure must retain the salient 
features of the classic radical mastectomy 
wide skin excision, thin skin flaps, meticu- 
lous dissection of the axilla, ev d/oc resec. 
tion—and, to this, is added the en dloc 
resection of the internal mammary lymph 
node chain. This more extensive procedure 
should be carried out only by competent 
surgeons, with the assistance of an excellent 
anesthetist and under ideal conditions, 
with adequate postoperative care, in order 
to avoid undue postoperative mortality 
and morbidity. It should be applied pri- 
marily to patients whose general condition 
will tolerate the procedure and in whom 
one has reason to believe that the disease 
has not progressed beyond the regional 
lymphatics. This more radical procedure 
will not help the advanced case of breast 
cancer. We believe this procedure is 
particularly indicated in clinical Stage 1 and 
early Stage 11 cases, especially when the 
primary lesion presents in the central and 
medial sectors of the breast. 

In our own practice we have not given 
postoperative roentgen therapy except 
to those cases in which positive lymph 
nodes were found in either the apex of the 
axilla or in the first interspace of the 
internal mammary chain. In these cases, 
because of the likelihood of extension of 
disease into the base of the neck, deep 
roentgen therapy has been administered 
to the base of the neck through an anterior 
and posterior port extending from the 
lower border of the first rib upward. Each 
port receives 300 r (in air) X10 for a total 
dose of 3,000 r (in air) of the usual 250 kv. 
high voltage roentgen therapy administered 
in a period of three weeks. No roentgen 
therapy is administered to the chest wall 
itself. 

Radical mastectomy with en bloc in 
continuity resection of the internal mam- 
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mary lymph node chain is a_ practical 
technique which has not been accompanied 
by added postoper rative morbidity or mor- 
tality. It has resulted in an increased three- 
year survival rate as compared with that 
obtained with the classic radical mas- 
tomy. We expect a similar increment in the 
five-year salvage rate. 


215 East 79th Street 
New York 21, New York 
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MANAGEMENT OF ADVANCED BREAST CARCINOMA?‘ 
WITH SPECIAL REFERENCE TO COMBINED RADIATION AND 
HORMONE THERAPY 


By FLORENCE C. H. CHU, M.D., DOROTHY W. SVED, M.D., GEORGE C. ESCHER, M.D, 
JAMES J. NICKSON, MD., and RALPH PHILLIPS, M.D. 


NEW YORK, NEW YORK 


ADIATION therapy and hormone 
treatment have become well recognized 
methods in the management of inoperable, 
recurrent and metastatic breast carcinoma. 
However, little has been published on the 
results of the combination of these two 
methods in the treatment of mammary 
cancer. Over four years ago a program was 
instituted at the Memorial Center to 
determine the relative benefits and possible 
synergism of combined simultaneous hor- 
mone and radiation therapy compared with 
either alone. 
REVIEW OF LITERATURE 
Most of the literature on radiation 
therapy in the management of advanced 
breast carcinoma is concerned with length 
of survival rather than with the percentage 
and duration of response to the treatment 
of specific lesions. Much of our data are too 
recent to permit analysis in terms of 
survival, and thus there is little other 
material that is directly comparable to 
our results. A brief survey of previous 
reports shows that radiation therapy has 
been employed successfully in the palliative 
treatment of inoperable primary breast 
cancer, cutaneous recurrences, lymphatic, 
cerebral, hepatic or osseous metastases and 
with less success in pleuropulmonary and 
abdominal metastases. 
The survival time following the radiation 
treatment of 177 patients with inoperable 
breast carcinoma!’ is summarized in Tablet. 
Although the percentage or duration of 
response of the breast and lymph node 
lesions is not noted, Baclesse? states that 
many of the treated breast and lymph node 


lesions showed marked regression and were 
still quiescent at the time of death. Howes 
and Bernstein" compared the longevity of a 
group of 83 patients having distant metas. 
tases treated by radiation to a small un- 
treated control group. The average survival 
time in the treated group was twenty 
months as compared to five months for the 
untreated. Some of the patients in the 
treated group also received radiation cas- 
tration. 

Data from the literature on the radiation 
treatment of osseous metastases, which are 
more directly comparable to our results in 
that the objective response of the specific 
lesion treated has been recorded, are sum- 
marized in Table u. About 30 per cent of 
patients treated showed objective response, 
while about 75 per cent had subjective 
benefit. 


Steroid therapy of advanced breast 
Taste | 
SURVIVAL TIME OF 177 PATIENTS WITH INOPERABLE 


BREAST CARCINOMA TREATED WITH RADIATION 


THERAPY AS REPORTED BY KAAE*!8 


Per Cent of 
Patients Alive 


Who Had 


Per Cent of 
Patients Alive 
Who Had No 


Years 
Distant Metastases Distant Metastases 
at Time of at Time of 
Treatment Treatment 
I 62 22 
2 27 I 
3 1s 
4 10 2 
h 
* Many patients also had radiation castration; some had 


steroid therapy. 


* From the Departments of Radiation Therpay and Medicine of Memorial Hospital and the Division of Clinical Investigation, Sec- 
tion of Hormone Therapy, and the Division of Physics and Biophysics, Section of Radiobiology of the Sloan-Kettering Institute, New 


York, New York. This work was supported by a grant in aid from the United States Public Health Service 


C-1551), the Samuel H. 


Kress Foundation, the American Cancer Society and the Max C. Fleischman Foundation 
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TaBLe II 


RESULTS OF RADIATION THERAPY OF OSSEOUS 
METASTASES FROM BREAST CARCINOMA 


Subjective 
Improve- 
ment Improve- 
C ases Per Cent ment 
Bouchard” 23 65 6 out of 23 
Lenz and | 
Fried” 72 14 out of 31 
Leddy and 
Desjardin”° 92 
Burch® 41 85 
7 10 out of 38 


Garland® 79 70 


carcinoma has been widely used in recent 
vears and the results reported by various 
investigators are in close 
Table 111 summarizes the response rate to 
be expected from treatment with standard 
steroids." About 20 to 25 per cent of those 
patients less than ten years post-meno- 
pausal showed objective signs of favorable 
response to the administration of andro- 
gens. The objective results of estrogen 
treatment in the older age group are some- 
what better, with 40 per cent soft tissue 
lesions responding and 30 per cent of bone 
metastases showing recalcification. Both 
steroids resulted in about 65 per cent sub- 
jective improvement. Regression usually 
begins within two months, and in over one- 
third of the cases showing improvement 
regression is maintained for more than six 
months." It is reported that the average 
survival time for those patients responding 


Tasce III 


RESULTS OF STEROID THERAPY OF METASTATIC, 
RECURRENT, AND INOPERABLE BREAS' 
CARCINOMA AS REPORTED BY ESCHER!! 

Per Cent 
Objective 


No. Per Cent 
Response 
Steroid Pa- Subjective 

tients Soft Re sponse 
Bone 
Tissue 
Androgens, 209 24 2 65 


Estrogens 119 40 30 65 


Management of Advanced Breast Carcinoma 


to hormone therapy is usually in the vicin- 
ity of twelve months from the onset of 
therapy.’ It is about one and one-half 
to two times longer than the average for 
those who show no improvement. 

The results of combined hormone and 
radiation therapy have been reported by 
Binnie® (4 cases) and MacDonald, Davis 
and Jacobson;” their 7 cases of advanced 
breast carcinoma treated with radiation 
and estrogen had an increased survival 
time compared to the survival time in 
groups treated with either modality alone. 

SELECTION OF PATIENTS 

-Patients were selected for this study by 
a panel composed of internists, surgeons 
and radiation therapists, the candidates 
being referred from the Breast Service of 
the Memorial Hospital. The great majority 
were treated as out-patients. Those patients 
with inoperable disease localized to one 
breast, axilla and supraclavicular area and 
without evidence of distant metastases 
usually were treated with radiation alone. 
Patients with distant metastases, whose 
symptoms were referable to only one 
metastatic site, or those who had failed to 
respond to previous steroid therapy were 
also treated with radiation alone. Cases 
with bilateral mammary or lymph node 
involvement, with extensive skin metas- 
tases, or with widespread osseous metas- 
tases were treated with radiation and with 
steroids. Whenever possible patients were 
sought with bilaterally comparable disease, 
e.g., osteolytic metastases to both ilia or 
bilateral pulmonary metastases, so that the 
lesions on one side could be treated with 
combined therapy leaving those on the 
other side for observation of the response 
to hormone therapy, thus providing an 
internal control. The histologic diagnosis 
in the great majority of the patients was 
infiltrating duct carcinoma with a few hav- 
ing medullary carcinoma. Only aspiration 
biopsies were obtained in the patients with 
inoperable breast carcinoma, so that no 
further classification of the carcinoma in 
that group of patients is available. 
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METHODS 


A. Hormone Therapy. 

An androgen, usually testosterone pro- 
pionate in a dose of 100 mg. three times per 
week intramuscularly, was used for all 
menstruating women and for those women 
less than ten years postmenopausal. Estro- 
gens were administered to those women 
ten or more years postmenopausal. 

The duration of steroid administration 
was governed by the same principles that 
apply to the use of hormone therapy 
alone.!:!! Therapy was continued as long as 
regression was maintained or as long as no 


progression occurred. Rapid progression of 


disease during treatment was an indication 
for the cessation of hormone therapy in all 
cases. Patients who were started on radia- 
tion therapy alone were later given hor- 
mones if rapid progression of other metas- 
tases occurred. 

B. Technique and Dosage of Radiation 
Therapy. 

Breast Lesions and Regional Lymph 
Nodes. Almost all the cases of breast lesions 
were treated with 1,000 kv. roentgen rays. 
The factors were half-value layer 3.4 mm. 
Pb, filtration 1.6 mm. W and 8 mm. Cu, 
target skin distance 100 cm., and the out- 
put was approximately 50 r/minute. Three 
fields were used, medial tangential, lateral 
tangential, and supraclavicular. The two 
tangential fields covered a fairly large area 
which included the breast, chest wall, 
axilla, internal mammary lymph _ nodes, 
infraclavicular and part of the supra- 
clavicular region. The usual length of these 
ports was 26 cm. and the width 12 cm. The 
supraclavicular portal was usually about 
14X17 cm. in size. Its beam was directed 
parallel to the sagittal plane of the pa- 
tient’s body from the supraclavicular area 
caudad to cover the supraclavicular area 
itself as well as the axilla, chest wall, 
breast and internal mammary lymph nodes. 
Bolus bags were packed on the chest wall 
with all the fields in order to fully utilize 
backscatter and to facilitate accurate dose 
calculation. The tumor dose was calculated 
at the point where the central axis of the 
three fields of radiation met. A more de- 
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Marcu, 1957 
tailed description of this technique and of 
the dose distribution has been reported by 
Chu, et a/.°*> Usually between 4,000 to 
6,000 r tissue dose was given in four to 
seven weeks, depending on the patient's 
general condition, the local reaction, and 
the systemic reaction to her disease or to 
radiation. 

. Local Recurrence after Mastectomy, 
Nine of the recurrent cases were treated in 
the same way as the primary inoperable 
cases, using a three field tangential tech- 
nique. Since the neoplasm may involve a 
wide area of chest wall and lymph nodes jn 
the supraclavicular and internal mammary 
areas, it appeared logical to treat these 
areas en bloc. Either 1,000 kv. or 250 ky, 
roentgen rays were used. The factors for 
the 250 kv. roentgen rays were 2.0 mm. 
Cu half-value layer, 1.6 mm. Cu filter, 
approximately 65 r/minute output at 52 
cm. target skin distance. The usual tumor 
dose was 4,000 to 4,500 r in four to five 
weeks. In some cases the recurrences were 
irradiated with small direct fields. In these 
cases either 250 kv. or low voltage therapy 
was employed. Since the size of the ports 
was small, a high skin dose could be de- 
livered in a shorter period of time; 3,500 rin 
two weeks was the average dose. 

Lymph Nodes. For treatment. of 
lymph node metastases 250 kv. roentgen 
rays were used. The size of the portal 
depended on the area of nodal involvement. 
When the area was small, a cone 4 to 8 
cm. in diameter was commonly employed 
and a tumor dose of 3,000 to 3,500 r given 
in two to three weeks. When the area was 
large, an anterior and a posterior opposing 
field was used whenever possible. For ex- 
ample, in the supraclavicular area one 
anterior and one posterior field were em- 
ployed, the average size of each being 
13X15 cm., with bolus bags packed on 
the uneven skin surface. A tumor dose of 


3,500 r calculated at the midplane between 


the two portals was given in three weeks. 
4. Skin Metastases. Scattered small skin 
nodules were often treated with low volt- 
age roentgen rays, either 44 kv. contact or 
100 kv. at a target skin distance of 15 cm., 
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using 1 mm. Al filter. A single dose of 1,500 
to 2,500 r was given. More extensive skin 
lesions were treated with larger portals 
and fractionated doses. The average total 
skin dose was 3,000 to 3,500 r in two to 
three weeks (100 kv., 120 kv. or 130 kv., 
target skin distance 15 cm. to 30 cm., half- 
value layer from 1.2 to 5.2 mm. Al, and 
output 36 to 400 r minute). 

5. Mediastinal Metastases. These lesions 
were irradiated through one anterior and 
one posterior field using 250 kv. roentgen 
ravs. The initial doses were usually kept 
low for the first few days in case edema and 
swelling of the tumor might increase the 
symptoms of mediastinal pressure. Treat- 
ment was usually initiated with a small 
dose of 50 r, increased daily by 25 r for the 
first few days, and then more rapidly. The 
tumor dose was 2,500 to 3,000 r in a period 
of three to four weeks. 

6. Pulmonary Metastases. A 2,000 to 
3,000 r tumor dose was given to the lung 
lesions in two to three weeks through one 
anterior and one posterior field at 250 or 
1,000 kv. The size of fields depended on the 
amount and distribution of the metastatic 
lesions. Localized lesions were usually 
treated with a small field. More diffuse 
lesions sometimes required treatment of the 
whole hemithorax. 

7. Osseous Metastases. A 2,000 r tumor 
dose in two weeks at 250 kv. was the 
routine treatment for bone metastases. 
Two opposing fields were applied in most 
cases, but when the bone lesions were 
superficial, e.g., skull, rib, and crest of 
ilium, a single portal was used. The 
roentgen-ray energy was either 250 kv. or 
130 kv. 

CRITERIA OF EVALUATION 

All patients had a preliminary baseline 
evaluation consisting of a complete history 
and physical examination, chest roent- 
genogram, skeletal survey, determination 
of serum calcium, total protein, inorganic 
phosphorus, and alkaline phosphatase, 
complete blood count, urinalysis and photo- 
graph of the lesions being evaluated. Fol- 
lowing the institution of therapy, patients 
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were examined in the clinic every two or 
three weeks and laboratory studies were 
repeated at an interval of two months, 
more frequently if clinically indicated. 

Percentage of response and duration of 
response were evaluated on the basis of 
objective change in the particular lesion 
treated and do not indicate the status of 
the disease process as a whole. 

1. Soft Tissue. For soft tissue lesions 
such as breast masses, lymph nodes, skin 
nodules, mediastinal and lung metastases, 
measurements of their size were made at 
frequent intervals. The first sign of reduc- 
tion in the size of the lesions was taken as 
evidence of regression. Likewise, increase 
in the measurements of the lesions was 
considered as a sign of progression. Meas- 
urements of pulmonary and mediastinal 
lesions often were difficult when radiation 
pneumonitis or pleural effusion occurred. 
In some cases the penumonitis subsided 
with minimal residual fibrosis. Then 
urements of the lesions could be resv..ued. 
In others the radiation reaction was more 
severe with extensive fibrosis, and the 
measurement of the treated metastases 
became impossible. When pleural effusion 
obscured the lung fields, measurements of 
the lesions were attempted after thora- 
centeses. 

2. Bone Lesions. Improvement of an 
osteolytic lesion was indicated by re- 
calcification as seen on roentgenograms, 
progression by further destruction of the 
bone. The osteoblastic type of metastasis 
was dificult to evaluate; increase in the 
extent and degree of osteoblastic changes 
were considered to be progression, while 
decrease in the extent and degree of osteo- 
blastic changes and return of normal bone 
texture were considered to be regression. 

RESULTS 

Kitty-eight patients received radiation 
therapy to an inoperable mammary car- 
cinoma either alone or in combination with 
steroids. The results are presented in Table 
IV; 45 out of 58 patients (78 per cent) who 
received radiation therapy, either alone or 
with hormones, showed regression of dis- 
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TaBLe LV 
OBJECTIVE RESPONSE OF INOPERABLE BREAST CARCINOMA 

Regression Mean Dura- 
Mean Onset 
No. tion of 
. of Regression . 
Lesions Per C Regression 
ont In iiontns 
in Months 
Radiation alone 23 18 9 Le 8 
Radiation and estrogen 16 13 83 bad 10 
Radiation and androgen 19 14 74 1.§ 7 
Estrogen alone 53 12 23 1.3 12 
18 


Androgen alone 39 7 


ease, but regression occurred in only Ig out 
of 92 (21 per cent) who received hormones 
without radiation therapy. As shown in the 
table the addition to steroids did not appear 
to affect the percentage of response to 
radiation therapy. This proved to be true 
for all types of lesions and thus, in the 
rest of this report, response to radiation 
alone and to combined therapy are grouped 
together. The patients without regression 
include patients who died shortly after 
therapy was instituted, patients lost to 
follow-up, and those who could not be 
evaluated, as well as definite failures to 
therapy. Many of the local regressions 
persisted until death was caused by metas- 
tases. Others continued until this report 
was prepared. The minimal duration of re- 
gression in each category is reported here. 
The results of treatment with only hormone 


are evaluated in cases whose treatment was 
initiated in the early years of this program. 
The management and evaluation of these 
patients were based on similar criteria 
that applied to cases in which combined 
therapy was employed. Survival of these 
is presented in Table v. The age distribu- 
tion of the radiation therapy control group 
(mean age sixty-two) is comparable to the 
estrogen group (mean age fifty-nine) rather 
than the androgen group (mean age forty- 
five). It must be pointed out that distant 
metastases were known to be present in 
only 1 of the cases treated by radiation 
therapy compared to their 
known presence in over 50 per cent of the 
radiation therapy plus estrogen and of the 
estrogen alone cases. In the three older age 
groups, é.g., radiation therapy alone, radia- 
tion plus estrogen, and estrogen alone, 


alone, as 


TABLE V 


SURVIVAL 


rIME OF PATIENTS WITH INOPERABLE 


BREAST CARCINOMA 


Per Cent Per Cent 
No. Cases Cases with Average Cases 
Follow ed Known Months Alive One 
aa No. Mean for Distant Surv ival Year after 
Uherapy Cases Age Survival | Metastases) In Institu- 
Time at Time of | tion of 
Data Treat- of Treat Treat- 
ment ment 
Radiation alone (age similar to es- 
trogen group) 23 62 23 4 11* 52 
Radiation and estrogen 16 $9 16 62 14* 50 
Estrogen alone 53 60 41 $4 13 46 
Radiation and androgen 19 45 18 65 8* 17 
Androgen alone 39 45 27 74 12 48 


* Minimal figures, some patients in group still alive. 
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E VI 


OBJECTIVE RESPONSE OF LYMPH NODE ME'l ASTASES 


No. 
Lesions 
No. 
Radiation alone 39 
Radiation and estrogen 29 26 
Radiation and androgen 43 41 
Estrogen alone me 6 
Androgen alone 99 13 


approximately 50 per cent of patients were 
alive one vear after institution of treat- 
ment. In the younger age groups 17 per 
cent of the 18 patients treated with radia- 
tion plus androgen and 48 per cent of 27 
patients treated with androgen alone sur- 
vived one year. 

One hundred eleven lymph node lesions 
(including mediastinal metastases) in 82 
patients were treated by radiation alone or 
in combination with steroids, and 80 per 
cent showed regression; 174 similar lesions 
were treated by hormones alone, and 17 per 
cent regressed. These results are presented 
in Table vi. As with the breast lesions many 
of the regressions are still present so that 
the duration figures are minimal. 

Thirty-two skin lesions (local recurrences 
and metastases) in 24 patients were 
treated by radiation alone or in combina- 
tion with hormones, and approximately 80 
per cent of the lesions regressed. Approxi- 
mately 25 per cent of the 145 skin lesions 
treated with hormones alone showed re- 


Regression 


Mean Dura- 


Mean Onset 


of tion of 
Per Cent Regression Regression 
in Months in Months 
80 1.6 
86 1.5 14 
74 I 9g 
21 2.5 
13 


gression. These results are summarized in 
Table vu. 

Twenty-one patients received radiation 
therapy to pulmonary lesions although 
only 3 of these were treated with radiation 
alone. Eighteen of these 21 patients (85 per 
cent) had regression. Of the 87 patients 
with lung lesions treated with hormones 
alone 15 (17 per cent) had regression. The 
results are presented in Table vii. Nine of 
these patients died or were lost to follow- 
up within two months of institution of 
therapy. Of the 12 patients on whom chest 
roentgenograms were obtained for two or 
more months, 7 had radiation pneumonitis 
or fibrosis which prevented adequate 
evaluation of duration of response and 
which, in several cases, caused return of 
respiratory symptoms as severe as those 
present prior to therapy. (See below under 
‘“Complications.’’) 

Several of the patients treated with com- 
bined therapy had comparable lesions in 
both lung fields and it was our intention to 


TaBLe VII 


OBJECTIVE RESPONSE OF SKIN RECURRENCES AND METASTASES 


No. 
Lesions 
No. 
Radiation alone 14 11 
Radiation and estrogen I 7 
Radiation and androgen 8 7 
Estrogen alone 64 21 


Androgen alone 81 14 


Regression Mean Onset Mean Dura- 


ot tion of 
Regression Regression 
in Months in Months 
79 I 
SS 8 
33 2 13 
17 2 9 
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VIII 


OBJECTIVE RESPONSE OF LUNG METASTASES 


No. Cases 
Radiation alone 
Radiation and estrogen 12 
Radiation and androgen 6 
Estrogen alone 39 
Androgen alone 48 


compare the duration of response obtained 
on one side treated with hormone alone to 
duration of response obtained on the other 
side treated with combined therapy. Be- 
cause the high incidence of pneumonitis 


and pulmonary fibrosis made evaluation of 


duration of response difficult, this compari- 


son could be made in only 3 cases. One of 


these cases showed only a transitory re- 
sponse on the hormone alone side, while the 
regression on the combined therapy side 
lasted almost three years. In the other 2 
cases regression on both sides is still pres- 


TaBLe IX 


OBJECTIVE RESPONSE O} BONE METASTASES 


Reg ression 


No. Duration 


Le- Per Regression 
sions No. Cant in Months 
Radiation alone 27 18 67 4° 
Radiation and 
estrogen IC 9g 9 rs 
Radiation and 
Fstrogen alone Te 28 12 
Androgen alone I 33 26 2 7 


* Minimal figure. Follow-up films not available in several cases 


No. Cases with No. Cases with 


No. Less Than 2 Radiation 
Regression Mo. Follow-up Changes 
2 
11 4 
5 2 

13 


ent, ten and seventeen months, respec- 
tively, after onset of treatment. 
Fifty-six metastatic osseous lesions in 3 


patients were treated with radiation alone 
or in combination with hormones, and 38 
(68 per cent) showed regression. Thirty-six 
(21 per cent) of 169 bone lesions treated 
with hormone alone regression, 
The results are summarized in Table rx. 
Thirteen cases had bilaterally comparable 
metastases, 9 of which were in the androgen 
plus radiation therapy group. In_ these 
cases an attempt was made to compare 


show ed 


the duration of regression obtained on one 
side with hormone alone to the duration 
obtained on the other side with combined 
therapy. Only 4 of the androgen and 2 of 
the estrogen treated cases demonstrated 
regression on the hormone alone treated 
side. There was no significant difference in 
the duration of regression (Table x). 

The cases were also divided into those 
which responded to hormone therapy and 
those which failed to respond. An attempt 
made to compare the 
response to combined therapy in these two 
groups, but no significant difference was 
discernible. 


Was 


TABLE X 


OBJECTIVE RESPONSE OF BONES WITH BILATERALLY COMPARABLE METASTASES 


No. Lesions 


Radiation 
and Hormone 


Radiation and estrogen 4 
Radiation and androgen 9 


No. Regressions 


Average Duration of 
Regression in Months 


Hormone 


Alone 


Radiation 
and Hormone 


Hormone 


Alone 


; + 


duration of 


| 
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COMPLICATIONS 

Complications of combined therapy were 
quantitatively and qualitatively similar to 
those occurring with radiation or steroid 
therapy Only rarely did 


alone. these 


complications necessitate termination of 


therapy. The complications encountered in 
the roentgen ray management of carcinoma 
of the breast were as follows: 

1. Nausea and vomiting—uncommon. 

2, Moist desquamation of skin. Occa- 
sionally patients developed a marked skin 
reaction with areas of moist desquamation 
which in most cases healed within three 
weeks. 

3. Diarrhea. Treatment of lumbar spine 
and pelvic bone metastases caused diar- 
rhea in a few patients, which was usually 
mild and self-limited. 

4. Pneumonitis. The majority of the 
cases which received roentgen therapy to 
pulmonary or mediastinal metastases devel- 
oped pneumonitis. Several of the cases in 
which tangential irradiation was given to 
the breast carcinoma also developed radia- 
tion pneumonitis. The severity of the 
pneumonitis depended principally on the 
radiation dose and the volume of lung 
irradiated. Although some patients had no 
symptoms of pneumonitis, others developed 
acute respiratory difficulty and fever. In 
the latter group of patients antibiotics 
were used to prevent or inhibit secondary 
infection. Cortisone and ACTH were tried 
ina few cases, but the results were not ver\ 
satisfactory.” The radiation pneumonitis in 
some cases eventually subsided with mini- 
mal roentgenographic changes, while others 
developed persistent pulmonary fibrosis. 

Some of the complications and side 
effects of steroid therapy are outlined in 
Table x1. Hypercalcemia! is a frequent 
complication of bone metastases. It indi- 
cates rapid breakdown of bone by neo- 
plastic tissue. If hypercalcemia develops 
during the course of steroid therapy, or if a 
previously existing hypercalcemia becomes 
worse, the change indicates that the rate 
of tumor growth has increased, and the 
steroid therapy discontinued 
immediately. 


should be 
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TABLE XI 


COMPLICATIONS OF HORMONE THERAPY 


Side Effects Management 


Androgen 
Hirsutism facial wax, depilatory, elec- 
trolysis, shaving 
95% ethanol, and as in ad- 
olescent acne 


Acne 


Hoarseness none 
Clitoral hypertrophy none 


Increased libido barbiturates, small doses 


Edema 0.§ gm. sodium diet, diu- 
retics, cardiac supportive 
drugs 

Polycythemia none 

Amenorrhea none 

F strozen 
Nausea medication after meals 


Urinary incontinence 
Uterine bleeding 


vaginal pessary 


increased estrogen dosage 


Breast enlargement none 
Nipple and areolar 
pigmentation none 
Edema 0.§ gm. sodium diet, diu- 


retics, cardiac supportive 
drugs 
Anemia if severe, transfusion 
if severe, ergonovine male- 
ate, U.S.P. 0.2 mg. t.1.d. 


Withdrawal bleeding 


DISCUSSION 


It is apparent from the above results 
that radiation therapy is very effective for 
the palliation of primary carcinoma of the 
breast and its metastases. The percentage 
of improvement of the individual lesion to 
radiation therapy is significantly higher 
than the percentage of improvement ob- 
tained with steroids alone. The addition 
of steroid therapy does not appear to 
enhance or detract from the response of the 
individual lesion to radiation. In no case 
was there a significant difference between 
radiation alone and combined therapy in 
the percentage of regression or in the dura- 
tion of regression. The effect of combined 
therapy on an individual lesion was that 
which would have been expected from 
radiation therapy alone. 

Conversely the use of radiation therapy 
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to a specific lesion in a patient being treated 
with hormones does not appear to affect 
the probability of response in other lesions 
to steroid therapy. Survival time data 
of the inoperable mammary carcinoma 
cases showed no signficant difference be- 
tween comparable groups of patients 
treated with combined therapy and _ hor- 
mone therapy alone. The survival time in 
the combined estrogen therapy group is 
slightly higher than the survival in the 
radiation therapy alone group, a group 
whose age distribution is comparable to 
the estrogen rather than the androgen 
group. This difference, however, may be 
even more significant in that only 1 patient 
in the radiation therapy alone group was 
known to have distant 
compared to over 50 per cent in the com- 
bined therapy group and hormone alone 
group. The survival time in the radiation 
plus androgen group is short, but the 
number of patients is small and their 
average age is forty-five years compared 
with fifty-nine years in the estrogen group. 

Our study was not designed to in- 
vestigate the effect of radiation therapy 
followed at a later date by steroids. Taylor 
and Morris?’ have reported an increase in 
survival time using these methods in 
succession. 

This study also cannot be deemed to 
give any information regarding other 
possible dosage schedules of radiation. It is 


metastases as 


conceivable, although not on the basis of 


any present information likely, that en- 
tirely different kinds of relationships for 
deposition of ionizing energy might give 
significantly different results from those 
reported here. 

In patients with widespread metastases, 
in whom steroid therapy is indicated, the 
additional use of radiation therapy is 
advisable for prompt and effective control 
of individual symptomatic or potentially 
dangerous lesions. Osseous metastases, for 
example, in weight-bearing bones can be 
frequently arrested for long periods of time, 
thus reducing the likelihood of pathologic 
fracture and incapacity. Similarly, ul- 
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cerating, painful, or bleeding soft tissue 
masses. can be controlled with a high 
probability of relief, which frequently wil] 
last for the duration of the patient’s life. 
This point deserves emphasis, since the 
necessity for cosmetic amputation, in our 
opinion, is diminished by the demonstration 
that radiation therapy can offer equal or 
greater probability of relief of the symp. 
toms due to the ulceration, without the 
risk of widespread dissemination which js 
said to exist when an operation is_per- 
formed through neoplastic diseases. 
SUMMARY AND CONCLUSION 

Radiation therapy is an effective agent 
in palliation of advanced and recurrent 
inoperable breast carcinoma and its metas- 
tases. Hormone therapy, while having a 
somewhat lower probability of favorable 
response in the individual lesions, is also 
an effective agent in the control of ad- 
vanced breast carcinoma. It has the addi- 
tional advantage of acting systemically. 

The combination of radiation and steroid 
therapy is not, on the basis of the data 
presented here, contraindicated. Combined 
therapy is indicated in disseminated disease 
where one or more lesions are causing 
distress or may lead to incapacity. 
Klorence C. H. Chu 
444 East 68th Street 
New York 21, New York 
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THE PROGNOSTIC VALUE OF END-OF-TREATMENT 
BIOPSIES IN TREATMENT OF CANCER 
OF THE CERVIX* 


By ROBERT E. FRICKE, M.D. 
Section of Therapeutic Radiology 


and 
MALCOLM B. DOCKERTY, M.D. 
Section of Surgical Pathology 
Mayo Clinic and Mayo Foundation‘ 
ROCHESTER, MINNESOTA 


in the usual response of 
cancer of the uterine cervix to radiation 
have been known for a long time. Some 
cancers are unusually sensitive. For in- 
stance, a recent review of our own patients 
treated 1940 through 1948, inclusive, dis- 
closed that 305 patients received only 
limited palliative radiation therapy. No 
cures were expected in this group. Two 
hundred and sixty eight of these patients 


were traced, and 75 (28 per cent) were 
alive and apparently cured, five years 
after treatment. Unusual radiosensitivity 


must have been present in the tumors of 
these survivors. 

All physicians treating cancer are well 
aware of the existence of radioresistance in 
many instances. Following a complete 
course of irradiation, residual carcinoma or 
recurrences may be found on subsequent 
rechecks. Further radiation or 
treatment will then be necessary. 

These “radioresistant”’ cancers, though 


surgical 


few, constitute a serious problem in the 
treatment of this disease. The earliest pos- 
sible discovery of radioresistance in a 
cancer during the course of treatment is of 
the utmost importance. To date there is no 
certain method known. The work of the 
Grahams? shows great promise and should 
be developed further. This work depends on 
the studies of the radiation changes during 
treatment in vaginal cells, obtained by 
vaginal smear. 

The other obvious method is study of 
changes in the cancer cells obtained by 


biopsy. The method of radiation therapy 
at the Mayo Clinic depends mainly on 
intracavitary radium therapy over a period 
of four weeks. An average of eight radium 
applications in different parts of the birth 
canal are given, with supplementary roent- 
gen therapy to the lateral pelvis. Patients 
are re-examined every three months the 
first year, six months the second 
vear, and annually thereafter. 

Taking of routine biopsies at the time 
of re-examination, months after treatment, 
was not feasible, since frequently a clean 
scar covered the vaginal vault area over the 
cervix, or if not, a well-healed cervix was 
visible and further trauma seemed in- 
advisable. A biopsy of the healing cervix, 
taken at the last radium insertion at the 
end of four weeks of treatment, seemed to 
us worth while. The presence of apparently 


ever) 


viable cancer cells at the end of treatment 
indicated a poor prognosis. 

Beginning in Igs1, through 1954, end-of- 
treatment biopsies were done in 175 un- 
selected cases. This is not the total number 
treated in this four-year span, since we 
ordinarily treat 125 to 1$0 new patients 
annually, but just the patients that the 
authors interested in this problem treated 
and studied personally. Of the total 
175, 146 were negative for carcinoma 
cells, showing mainly inflammatory tissue, 
chronic cervicitis, or inflammatory and 
necrotic tissue. Twenty-nine were positive, 
showing apparently viable cancer cells at 
the end of treatment. 


* Presented at the Thirty-eighth Annual Meeting of the American Radium Society, Houston, Texas, April g-11, 1956 


+ The Mayo Foundation, Rochester, Minnesota, is 
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Thus, considering the 146 patients in 
whom the end-of-treatment biopsies were 
negative for carcinoma, 35 (24 per cent), 
as reviewed in 1955, later had residual or 
recurrent carcinoma, and might be con- 
sidered radioresistant. Of the 29 positive 
end-of-treatment biopsies 18 (62 per cent) 
were apparently radioresistant. Less defi- 
nite results would be expected in patients 
treated as recently as the last two years 
than in patients treated earlier. Consider- 
ing the patients treated in 1951 and 19§2, 
and reviewed in 1955, 27 per cent of those 
with negative end-of-treatment biopsies 
had poor results, and 80 per cent of those 
with positive end-of-treatment biopsies 
were apparently radioresistant. 

Hence, although the end-of-treatment 
biopsy is a poor guide, it does help to give 
some idea of prognosis. The main source 
of error lies in not securing a deep enough 
piece of tissue for a representative section, 


mer 


Fic. 1. Grade 3 epidermoid carcinoma of the cervix: 
pretreatment biopsy. The tumor cells are growing 
in broad sheets, and very little differentiation is 
apparent (hematoxylin and eosin; X1¢0). 
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lic. 2. Post-treatment biopsy in patient whose 
original lesion is shown in Figure 1. At a com- 
parable magnification the cells are seen to be much 
larger than in Figure 1. In the upper portion of 
the print, several clusters of large pale cells are 
observed undergoing individual cell keratiniza- 
tion. Patient died at home a few months later 
(hematoxylin and eosin; X 150). 


taking only surface necrotic tissue for 
study. We use a duck-billed instrument 
for securing tissue, endeavoring to cut 
deeply enough to obtain pink fleshy- 
appearing tumor. 

A further interesting observation is that 
of the 29 patients with positive end-of- 
treatment biopsy, § underwent a Wertheim 
operation with excision of pelvic lymph 
nodes at the time of their first re-visit, 
three months aftef treatment. All five 
showed pelvic extension or involvement of 
deep pelvic lymph nodes. 

Of the 146 patients with negative end- 
of-treatment biopsies, 49 underwent Wert- 
heim operations here three months after 
the conclusion of radiation therapy. Of 
the 49, 11 showed involvement of lymph 
nodes and 38 were free of residual carci- 
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Fic. 3. Pretreatment specimen from a patient whose 
Grade 3 squamous cell carcinoma exhibits a plexi- 


form structure (hematoxylin and eosin; X 1 


O). 


Fic. 5. Grade 2 adenocarcinoma of endocervix, 
showing a fair degree of differentiation into ma- 
lignant glands (hematoxylin and eosin; X160), 


noma and showed no involvement of 
lymph nodes. 

Microscopically, the end-of-treatment 
biopsies in the 29 positive patients often 
revealed a necrotizing, inflammatory proc- 
ess which was every bit as severe as that 
observed in the tumor-free controls. 

As compared with original sections 
those showing residual tumor exhibited the 
following alterations: The malignant epi- 
thelial cells were nearly always much 
larger and paler than their pretreatment 
ancestors (Fig. 1, 2, 3 and 4). Pearly 
bodies and areas with individual cell kera- 


Fic. 4. Post-treatment specimen from a_ patient 
whose original lesion is depicted in Figure 3. 
Residual malignant elements are pale and swollen. 
In addition, a pearly body containing a cholesterol 
cleft is present. Biopsy taken April 2, 1951. Ex- 
ploratory laparotomy July 27, 1951, revealed 
abdominal carcinomatosis. Patient died August 
14, 19$2. 
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Fic. 6. Post-treatment biopsy from patient whose 
original lesion is shown in Figure 5. Only minor 
degrees of cellular change are present. Biopsy date 
September 13, 1951. Subsequent biopsies on re- 
visits July 11, 1952, November 8, 1952, and 
December 30, 1953, showed adenocarcinoma. In 
April, 1955, carcinoma was present and spreading 
through the pelvis (hematoxylin and eosin; X 150). 


tinization were found in most of the speci- 
mens. 

It is well known that epidermoid carci- 
nomas which are primary in the cervix 
are poorly differentiated as a group, there 
being no examples of Grade 1 lesions and 
only 10 per cent of Grade ie using 
Broders’ method. Gliicksmann has _re- 
peatedly noted this “‘maturation” effect in 
irradiating cervical growths. The end re- 
sult, seen in cases with the best response, 
is complete keratinization; in other words, a 
maturation to the point of cellular death. 

In spite of apparent differentiation the 
29 specimens showing residual tumor con- 
tinued to exhibit normal and abnormal 
mitoses in a picture which to us indicated 
cellular viability. Moreover, this cellular 
activity occurred alike in those showing 
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major and those showing minor occlusive 
changes in blood vessels which were in- 
cluded in the sections. The few adenocarci- 
nomas included in this small series showed 
much less cellular alteration in response to 
irradiation (Fig. 5 and 6). 


SUMMARY AND CONCLUSIONS 


In attempting to determine the presence 
of radioresistance during treatment of can- 
cer of the cervix, study of biopsy material 
taken at the conclusion of radiation ther- 
apy offers some slight help in prognosis, 
but is by no means a conclusive test. This 
is shown by a review in 1955 of the out- 
come of unselected cases in which the pa- 
tients had been treated during the pre- 
ceding four years. Of the entire group, 
24 per cent of those with negative end- 
of-treatment biopsies developed further 
trouble, while 62 per cent of those showing 
carcinoma cells at the conclusion of treat- 
ment developed recurrences or extension 
of the cancer. Of the first two years studied, 
80 per cent of those with cancer cells at the 
end of treatment showed poor results. 
Subsequent Wertheim operations in 49 
34 per cent) of the patients with negative 
biopsies also showed that 11 (22 per cent) 
of these had metastases to deep pelvic 
lymph nodes or pelvic extension; of 5 
Wertheim operations on those with posi- 
tive end-of-treatment biopsies, all proved 
to have deep pelvic involvement. 

Mayo Clinic 
Rochester, Minnesota 
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METASTATIC ADENOCARCINOMA SIMULATING 
A PRIMARY BONE TUMOR 
A CASE PRESENTATION 
By FREDERICK W. O'BRIEN, Jx., M.D., avd FREDERICK W. O'BRIEN, M.D. 


BOSTON, MASSACHUSETTS 


HE occurrence of skeletal lesions 

secondary to carcinoma of the breast, 
prostate, kidney, thyroid and lung are com- 
monplace. Less appreciated are lesions in- 
cidental to primary tumors of the gastro- 
intestinal tract. Geschickter and Cope- 
land? adduce that the lodging of tumor 
emboli in the hepatic sinusoids may, 1n 
part, explain the infrequency of this type 
of lesion. 


REPORT OF A CASE 


H. G., a fifty year old, white male loom 
operator, was referred for diagnostic roentgen 
studies of the right knee. The history of dull 
intermittent pain in a patient apparently in 
good health began ten weeks prior to being 


seen by us. He attributed his discomfort to a 
“twisting injury” sustained at his place of 
work. Seven weeks prior to our seeing him, 
roentgenograms were taken which were not of 
diagnostic quality. He was treated sympto- 
matically without relief. His leg was placed in 
a cast. 

During this time, the patient complained of 
weight loss, easy fatigability and sleeplessness, 
The pain was so intense as to require opiates, 
When seen at the office, physical examination 
disclosed marked swelling about the right knee, 
The knee was not tender to palpation, despite 
the presence of severe pain aggravated by 
walking. 

Roentgenograms of che right knee (Fig. 1, 
A and B) showed a destructive lesion of the 
metaphysial area of the distal femur associated 


Kic. fy (4 and B) Anteroposterior and lateral Views otf the right knee showing destruction ot the 


cortex of the distal femur, spicule formation and the soft tissue mass. 
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Kic. 2. (4 and B) Same patient after receiving 3,6 


with periosteal elevation, spicule formation, 
and a Codman’s triangle. There was a large 
posterolateral soft tissue mass. The film was 
interpreted as a malignant bone tumor probably 
of the osteogenic sarcoma group. A chest 
roentgenogram demonstrated no evidence of 
metastasis. 

Hospitalization was recommended tor biopsy 
purposes, but the patient wished to delay this 
for a two week period. It was recommended to 
the referring physician that deep irradiation be 
carried out in this intervening time. 

Supervoltage radiation therapy was used. In 
a period of nine days, a tumor dose of 3,500 r 
was delivered to the lesion with two 1§ by 1§ 
cm. fields at 4 
§ mm. of copper. This produced a mild ery- 


kv. peak, half-value layer of 


thema. There was almost immediate relief of pain 
and marked reduction in the swelling. The 
patient was generally markedly improved fol 
lowing this therapy. 

The patient was hospitalized and a frozen 
section done which was reported as “no tumor 
cells.” A second biopsy was reported as meta- 
static tumor, most likely adenocarcinoma. This 
was checked by several competent pathologists. 
Multiple examinations were made without 


avail in an effort to discover the primary site 


before the patient left the hospital. 


-. No.; Metastatic Adenocarcinoma Simulating a Primary Bone Tumor 


+. 


r tumor dose at 400 kv. peak. 


Repeat films, taken one month after therapy, 
showed a reduction in the size of the soft tis- 
sue mass, some filling in of the cortical destruc- 
tion, and calcification of the new bone formation 
(Fig. 2, 4 and B). 

He was next seen by us three months after 
his original visit to the office, complaining of 
epigastric distress and some chest pain. Ex- 
amination of the gastrointestinal tract disclosed 
a lesion which almost completely replaced the 
distal two-thirds of the stomach (Fig. 3). A 
chest roentgenogram revealed a lesion in the 
left lower lung field. He disclaimed*any knowl- 
edge of prior gastric symptoms. 

The patient refused all further forms of 
therapy. There was no question in our minds 
that the stomach was destroyed by tumor and 
that this was the primary site of the bone lesion 
discovered some three months earlier. In an- 
other three months a report was received from 
the patient’s family that he had died. 


DISCUSSION 
Metastatic osseous lesions are rare distal 
to the femur or humerus. They are usually 
centrally located and produce little new 
bone formation. The lesions are usually 
osteolytic, although osteoblastic lesions do 
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Fic. 3. Large destructive lesion of the 
distal third of the stomach. 


occur. The appearance of this lesion was 
so characteristic of a primary bone tumor 
that a metastatic lesion not con- 
sidered. It should have been remembered 
that a great deal of difficulty is encoun- 
tered in arriving at an anatomic diagnosis 
when dealing with bony lesions. One is re- 
minded of Ewing’s! remark that “‘an es- 
sential safe-guard to the pathologist in the 
diagnosis of bone tumors is the possession 
of full clinical and roentgenologic data. No 
breadth of experience can dispense with 
these aids in dealing with the variable 
structure of a bone tumor.” This comment 
amplifies the diagnostic dilemma of the 
radiologist and applies to him as well as 
the pathologist. 


Was 


Jenkinson* found 41 reported cases of 


metastatic lesions from the gastrointesti- 
nal tract. The lesions were largely osteo- 
blastic, occurring in the spine predomi- 
nantly. The roentgen appearance of the 
lesions reported in his series is somewhat 
at a variance with our experience. Suther- 
land and co-workers‘ report an incidence 
of I.g per cent in a series of 1,032 cases. 
Irradiation, we suppose, is not the treat- 
ment of choice when the tumor is primary 
in bone. However, we believe it has a place 
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even in the management of some of these 
cases where surgery is necessarily de. 
layed. From our own experience we know 
that relief of pain occurs, and, as in this 
case, swelling is reduced and some solid}. 
fication occurs in the tumor mass. More 
pertinent is the value of irradiation for a 
tumor in bone which is secondary to ga 
primary tumor elsewhere. Certainly, ma- 
jor surgery has little to offer for a meta- 
static bone lesion. 

The aspect to be stressed in this discus 
sion concerns the validity of the roentgen 
diagnosis of a bony lesion on diagnostic 
roentgenograms. It re-emphasizes the ne- 
cessity for pathologic proof. Contrary to 
Brailsford’s opinion that biopsy oftentimes 
is not necessary, we are of the opinion that 
a lesion of bone which suggests malignancy 
should be biopsied. In the majority of 
cases, there should be no difficulty in dis 
tinguishing between benign and malignant 
lesions. In this particular case, were the 
roentgen diagnosis to have been accepted, 
the patient would almost certainly have 
had an amputation which would have been 
needless considering the site of the primary 
lesion. 


CONCLUSION 


A case of adenocarcinoma metastatic to 
bone simulating a primary bone tumor is 
reported. The response to supervoltage ir- 
radiation is given. The fallibility of arriving 
at an anatomic diagnosis from the roent- 
genogram alone is emphasized. 


Frederick W. O’Brien, Jr., M D 
465 Beacon Street 
Boston, Massachusetts 
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A METHOD FOR THE VISUALIZATION OF 
THE CONFIGURATION AND STRUCTURE 
OF THE LIVER* 

PART A. PRELIMINARY CLINICAL INVESTIGATIONS 


By H. L. 


FRIEDELL, M.D., W. J. MacINTYRE, Px.D., and A. M. REJALI, M.D. 


CLEVELAND, OHIO 


URING the last several decades many 

efforts to demonstrate the configura- 
tion and structure of the liver by roentgen- 
ography have been made.'*:’ In order to 
accomplish this, a suitable contrast medium 
for hepatography was necessary and much 
effort and ingenuity has been directed to this 
end. 

In 1924, Radt, knowing that cells of the 
reticuloendothelial system engulf colloidal 
particles, introduced the intravenous in- 
jection of thorium dioxide suspension as a 
means of studying the liver. This produced 
very satisfactory contrast in the liver from 
a technical point of view, and appeared to 
provide a necessary solution for this prob- 
lem. Unfortunately, however, it was soon 
learned that due to the long-lived radioac- 
tive thorium, this was associated with great 
hazard.* Because of its long-lived radioac- 
tivity and, what is more important, its 
permanent retention in the liver, spleen, 
bone marrow and lymphatic system, ex- 
tensive tissue damage occurred. This was 
manifested by fibrosis and, in a number of 
instances, the production of neoplasms. It is 
therefore completely contraindicated ex- 
cept for special studies in older individuals. 

Attempts have also been made to intro- 
duce iodinated fats in emulsified form to 
be taken up by the reticuloendothelial 
system, much the same as in the case of 
thorotrast. Keith used poppy seed oil and 
bromated olive oil. Bechermann and Pop- 
ken used emulsified ethyl esters of tritodo- 
stearic acid. These, however, because of 
untoward reactions, were also abandoned. 

Since the liver stores a large amount of 


blood, radiopaque material introduced into 
the hepatic circulation will make the organ 
radiopaque and outline the structure of the 
organ.” 

Moore and Bridenbaugh®? have used 
contrast material introduced into the portal 
vein during laparotomy. This permits a 
study of portal circulation and liver paren- 
chyma itself. However, this procedure is 
obviously limited in usefulness since a 
laparotomy is necessary. 

Rigler, Olfelt and Krumbach'’" were 
able to visualize the liver by the rapid in- 
troduction of large quantities of contrast 
media into the aorta above the celiac axis. 
Again, this procedure is not simple and is 
associated with hazards of aortography. 

Because of the difficulties, hazards and 
complexities of a satisfactory roentgen 
study of the liver, it is, therefore, of con- 
siderable interest to examine a method of 
using radioisotopes to demonstrate the size, 
shape, position and space-occupying lesions 
of the liver. 

While visualization of the liver by meas- 
urement of its accumulated radioactivity 
is possible by obtaining static counts along 
a grid system,!*° it has been demonstrated 
that more graphic illustration can be ob- 
tained by the use of an automatic scanning 
scintillation counter. This procedure has 
therefore been selected for the following 
investigation. 

The general technique which we have 
employed for scanning in this work is simi- 
lar to other conventional scanning methods. 
It is of interest here, however, to elaborate 
briefly on some of the details. The collima- 


From the Department of Radiology, Western Reserve University, Cleveland, Ohio. Most of the work was performed under Atomic 
Energy Commission Contract No. W-31-109-eng-78 with Western Reserve University. 
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Fic. 1. Accumulation and retention of tetraiodophenolphthalein in the liver and its disappearance. 


tor chosen for this work has an aperture of 
one-half inch and extends three inches from 
the orifice to the base of the crystal. The 
sodium iodide crystal measures one-half 
inch in diameter and is one-half inch thick. 
While there was no attempt made to maxi- 
mize the signal to background ratio, this 
selection did involve a compromise between 
greater resolution obtainable from a smaller 
aperture (1 inch for example) and the 


ACCUMULATION AND RETENTION OF ROSE BENGAL 


higher counting rate obtainable trom the 
larger unit. 

The effect of scattered radiation was re- 
duced either by pulse height discrimination 
or by use of thin lead filters over the crystal, 
The cosmic radiation background of the 
crystal in the shield averaged 25 counts 
minute, which showed the possible im- 
provement by 
techniques to 


pulse height spectrometric 
be negligible. 
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The usual x-axis scanning speed selected 
was ten inches per minute with about ten 
lines per inch along the y-axis. For the 
most part, recording was obtained by the 
use of electrosensitive Teledeltos paper 
after the manner of Jacobs, et a/.° although 
other systems were used as well. 

A conventional counting rate meter has 
been useful in selecting a suitable dose for 
the desired speed and scaling factor. By 
observation of the variation of counting 
rate as the counter traverses the body at 
the desired speed, a scaling factor can be 
chosen that will allow the dots to be re- 
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corded as closely together as possible with- 
out excessive superposition at the area of 
highest activity. For most of these studies 
a rate of 600-800 counts per minute was 
considered desirable, for which a speed of 
ten inches per minute and a scaling factor 
of ten were generally selected. 

Of critical importance in these investiga- 
tions is the special use of a controlled cut- 
off circuit which is described in Part B. 
This circuit enables the operator to ar- 
bitrarily select a counting rate below which 
no points are recorded on the scanning 
paper. This level may be set to cut off at 
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Fic. 3. Hepatoscan of a normal patient weighing 65 kilograms. The dose was 150 microcuries of radioactive 
rose bengal. Note slight concentration of rose bengal in the gallbladder. The cardiac defect and the hilar 


notch are fairly well visualized. 
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Kic. 4. Hepatoscan of a normal patient weighing 70 kilograms who received 170 microcuries of 
rose bengal. The position of the xyphoid is shown diagrammatically. 


any counting rate, permitting elimination illustration of the liver, studies were made 
of the background counting rate from all on different compounds which might be 
sites outside the liver, and accentuating differentially absorbed by the liver. The 
the record when only modest differences in materials which have given us the best re- 
counting rate exist. The critical adjust- sults have been radioactive tetraiodophe- 
ment is the time constant of the counting nolphthalein (I"!), radioactive rose bengal 
rate control. This must be rapid enough to (I"!)* and radioactive colloidal gold (Au!), 
keep the memory or lag effects small at Although we have obtained good visualiza- 
the scan speed which has been selected and tion of the liver in a few instances with 
at the same time of sufficient sensitivity human serum albumin and _ iodopyracet 
to permit small changes to be recorded or tagged with I", these have not proved 
eliminated. completely reliable and are associated with 
In our attempts to utilize the radioiso- 
tope technique in order to obtain a graphic * Potassium salt of the tetraiodo-tetrachlor-fluorescein. 
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problems that make them less useful and 
desirable. 

It has been known for a long time that 
tetraiodophenolphthalein, when introduced 
intravenously, will be accumulated in the 
normal liver. The rate of accumulation and 
retention of I! tagged tetraiodophenol- 
phthalein in the liver is shown in Figure 1. 
Because of the reabsorption from the gas- 
trointestinal tract, the biologic half life in 
the liver is longer than might be predicted, 
as may be observed in Figure 1. When 
tetraiodophenolphthalein® is given intra- 
venously it may be seen that it diminishes 


/ 


in the circulating blood by 50 per cent in 
thirty minutes and is down to 34 per cent 
of the original in about four hours. Since 
this medium after excretion from the liver 
concentrates in the gallbladder, hepato- 
scans with this material often permit vis- 
ualization of the gallbladder as well. Good 
hepatoscans of the liver and gallbladder 
were obtained with a dose of approximately 
4 microcuries per kilogram of body weight 
for normal patients, with a proportionate 
increase for patients with enlarged livers. 

Rose bengal has been used for many 
years as a contrast material for liver func- 


Fic. 5. Hepatoscan of a patient after administration of 200 microcuries of rose bengal. Because the lower edge 
of the liver was palpated about 7 cm. below the costal margin in the mid-clavicular line, the liver was 
thought to be enlarged. Actually the liver, approximately normal in size, was displaced as a result of a 
mesothelioma in the right pleural cavity. The positions of the xyphoid and costal cartilage are shown 


diagrammatically, 
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tion tests and, like tetraiodophenolphtha- 
lein, is taken up by the polygonal cells 
of the liver and excreted from the biliary 
tract into the gastrointestinal  tract.!® 
Figure 2 shows the rate of accumulation 
and retention of rose bengal and its even- 
tual clearance from the liver. 

Rose bengal appears to have several ad- 
vantages over tetraiodophenolphthalein. 
Its biologic half life is shorter (Fig. 2) (in 
the range of a few hours) since it will not be 
reabsorbed from the gastrointestinal tract 
and therefore will not recirculate. Its up- 
take by the polygonal cells is faster, and 
about 50 per cent or more of the rose bengal 
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disappears from the blood within eight 
minutes after intravenous injection. kh 
addition, the dosage for good visualization 
of the liver with this compound is less than 
that required with tetraiodophenolphtha- 
lein. The dosage used has been in the range 
of 2.5 to 3 microcuries per kilogram of body 
weight for normal individuals with slightly 
higher values for an enlarged liver. This 
corresponds to approximately one to two 
milligrams of the stable contrast material 
per patient. Good visualization has been 
obtained in children under four years of 
age with 50 microcuries of rose bengal. 

It has been known that substances in 
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L 
Fic. 6. Hepatoscan in which encroachment upon the left lobe of the liver is clearly visualized. This was 
obtained after the administration of 20 
left epigastric region. Clinically, it was not possible to differentiate this palpable mass from an enlarged 


microcuries of rose bengal. A large mass had been palpated in the 


lobe of the liver. The hepatoscan showed a liver which was essentially normal in size and the mass in the 
epigastrium did not contain liver tissue. In addition, there was clear evidence of a large defect along the 
left margin. This defect later proved to be the result of encroachment upon the liver by a large cyst of 
the spleen. The positions of the xyphoid and costal cartilage are shown diagrammatically. 
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Fic. 7. Hepatoscan of a liver in which the left lobe has been surgically removed. The left lobe of the liver 


in this patient had previously been resected because of the presence of cavernous hemangiomata in this 


lobe. This was obtained after the administration of 2 


microcuries of rose bengal. The positions of the 


xyphoid and costal cartilage are shown diagrammatically. 


colloidal form when injected intravenously 
will be taken up by the reticuloendothelial 
system’ and, depending on the particle 
size, Will show selective localization. When 
radioactive colloidal gold in fine 
particles is administered intravenously, a 
large part of it (85 to g per cent) will be 
deposited i in the liver and in thirty minutes 
almost completely disappears from the 
circulation. Much work has been done on 
radioactive gold for various purposes, and 
its character of deposition, excretion rate 
and disappearance are fairly well known. 


The dose used for visualization of the liver 


has generally been in the order of 2.5 to 3.0 
microcuries per kilogram body weight. 
We have attempted to estimate the dose 
delivered by the various radioactive com- 
pounds we have used for the scanning of 
the liver. With rose bengal, assuming a 
s-hour biologic half life, the dose approxi- 
mated 0.5 rep; with tetraiodophenolphtha- 
lein, assuming a 24 day biologic half 
life, the dose was about 7.5 rep; with Au!*’, 
using the physical half life and assuming 
no excretion, the dose is approximately 8.0 
rep. In all instances we estimated the liver 
be about 1,500 grams. It is seen here 
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that rose bengal delivers the smallest dose 
of radiation. However, we would not 
hesitate to use tetraiodophenolphthalein 
or gold wherever the use of these might be 
specially indicated. 

The method for obtaining the hepato- 
scans will be described briefly in the fol- 
lowing: 

The patient is placed on an adjustable 
operating table in the supine position, and 
the radioactive material given intrave- 
nously. With tetraidophenolphthalein a de- 


lay of thirty minutes must be observed for 
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maximum concentration in the liver and a 
minimal amount in the gastrointestinal 
tract. With rose bengal this delay need be 
only ten minutes, and with Aus scanning 
may be initiated as soon as five minutes 
following injection. 

When the maximum concentration of 
the injected material is present in the liver, 
the liver area is scanned by bringing the tip 
of the collimator of the scintill: ition counter 
into close proximity to the surface of the 
right upper quadrant of the abdomen in 


such a way that there would not be any 


. 
ic. 8. Hepatoscan showing defects in the normal liver tissue as a result of space-occupying lesions within 


the liver. Clinically, liver enlargement as the result of metastatic neoplasm was suspected. Hepatoscan 
conclusively showed these multiple defects. Laparotomy and biopsy proved this to be the result of multiple 
cysts of the liver. At present hepatoscan does not differentiate between defects due to neoplasm and de fects 


due to other processes, such as cysts. 
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Fic. 9. Hepatoscan showing multiple defects in the right lobe of the liver. The liver is also enlarged. This 
| 


was performed after the administration of 250 microcuries of rose bengal. Clinically, the liver was en- 


larged ard cystic disease of the kidney was diagnosed on roentgenograms. A hepatoscan was performed 
to determine whether cystic disease of the liver might also be present. Laparotomy and biopsy proved this 


to be cystic disease of the liver. The positions of the xyphoid and costal cartilage are shown diagrammati- 


cally. 


interference with the sweep of the tube by 
the lower ribs. A trial run is made from the 
third anterior intercostal space on the right 
side in the mid-clavicular line to the level 
of the crest of the ilium in order that the 
superior and inferior border of the liver 
may be determined by observation of the 
counting rate. This is also necessary for 
adjusting the cut-off circuit. When the 
proper adjustments are made, the scanning 
procedure starts 2 cm. below the lower liver 
edge. For rose bengal the scanning time 


should not be more than ninety minutes. 
After this time the radioactivity in the 
liver decreases rapidly because of excretion 
and simulated defects in the liver scans 
may be produced. 

Our first studies were conducted on nor- 
mals in order to properly orient ourselves 
on the general appearance and configura- 
tion of the liver. Twenty normals were 
chosen in which liver disease and other 
complications were excluded by the his- 
torv, a physical examination, and liver 
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function studies. Although the usual ana- 
tomic variations with regard to size and 
configuration of the liver were observed, the 
studies showed a number of features which 
were regularly encountered (See Fig. 3). A 
depression which is smooth in contour 1s 
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frequently encountered along the superior 
margin of the liver. This contour is inter. 
preted as cardiac pressure. A defect was 
also frequently noted on the inferior border, 
3 to 6 cm. from the right border of the 
liver. This probably corresponds to the 


Kic. 10. Hepatoscan showing large defects in the liver and failure to visualize the gallbladder. This was 

performed after the administration of 250 microcuries of tetraiodophenolphthalein. Laparotomy and 
biopsy later disclosed that the defects in the hepatoscan were due to metastases to the liver from a leio- 
myosarcoma of the stomach. The hepatic ducts were obstructed which may explain the failure to visualize 
the gallbladder with tetraiodophenolphthalein. The positions of the xyphoid and costal cartilage are 


shown diagrammatically 
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Fic. 11. Left. Hepatoscan demonstrating a tremendously enlarged liver with a defect in the right lobe as a 
result of metastatic disease which had previously been verified by a laparotomy and biopsy. Right. Hepa- 
toscan of the same patient four weeks after receiving roentgen therapy. The hepatoscan indicates that 


the liver has markedly decreased in size. The positions of the xyphoid and costal cartilage are shown 


diagrammatically. 


liver notch. It is important to note that the 
tip of the xyphoid process generally is super- 
imposed upon the liver scan and is about 
2to4 cm. below the superior border of the 
liver. 

When the studies on normal individuals 
were completed we began to study various 
individuals who were known to have, or 
were suspected of having, liver disease. It 
was soon observed that it was possible for 
us to readily detect deviations from the 
normal. Among the most striking were 
those conditions which produced enlarge- 
ment or displacement of the liver or cn- 
croachment upon the liver substance by 
external masses. It was also possible for us 
to clearly visualize space-occupving lesions 
in the liver proper. Figures 3 through 165 
are representative hepatoscans. 

While attempts to visualize liver ab- 
normalities by the uptake of various radio- 
active materials has been done for some 
time, the problem both here and elsewhere 
has been to clearly isolate and identify any 
derangements in liver structure or con- 
figuration. In the investigations presented 
here it may be desirable to discuss the ways 


in which these differed from the usual 
approach. 

First of all, radioactive compounds were 
employed which would be metabolized by 
normal liver tissue, thereby outlining the 
liver itself and permitting us to secondarily 
observe changes in its structure and con- 
figuration. Previous efforts to identify 
metastases, for example, were made by 
having the metastatic nodule selectively 
take up some radioactive element in greater 
concentration than the liver proper. Our 
approach, in effect, was the reverse. We 
attempted to outline metastases and other 
abnormalities of the liver by depositing a 
higher concentration of the radioelement 
in the liver proper. Secondly, with this 
approach it was important to accentuate 
modest differences in the radioactivity de- 
posited in various segments of the liver. 
The special cut-off circuit employed here 
enables us to accentuate these differences. 

As previously noted, we have restricted 
most of our work to three radioactive com- 
pounds tetraiodophenolphthalein, rose 
bengal and Au!®s, Rose bengal appears to be 
the material of choice. This is primarily due 
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to the fact that it remains in the liver long 
enough to permit a satisfactory scan yet Is 
cleared rapidly enough from the liver so 
that the radiation dose is reduced (See 
Fig. 2). 

Colloidal gold (Au'’s) is more or less 
permanently retained by the liver, but be- 
cause of its very short half life this is not an 
unsatisfactory material. In addition, col- 
loidal gold may be useful when there 1s 
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damage to the liver cells and other com. 
pounds cannot be used. The colloidal gold 
will still be taken up by the reticuloendo. 
thelial system. 

Only a few studies have been made with 
['3! serum albumin. These studies were per- 
formed immediately after injection and 
thus reflect only differences in vascularity, 
Since normal liver is highly vascular, the 
general form of the scans were quite similar 
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Fic. 12. Hepatoscan demonstrating a defect in the left lobe of the liver. This was performed after the ad- 
ministration of 200 microcuries of rose bengal. The patient had recently been hospitalized because of the 
development of a small mass in the epigastric region. On laparotomy and biopsy it was shown that the 
defect was produced by a large metastatic node in the liver. 
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Fic. 13. Hepatoscan showing enlarged liver with multiple defects. This was performed after administration 
of 150 micr curies of rose bengal. Laparotomy and biopsy proved these defects to be the result of metas- 
tases from a mucinous adenocarcinoma. The positions of the xyphoid and costal cartilage are shown 


diagrammatically. 


to those obtained with rose bengal and 
tetraiodophenolphthalein. No attempt was 
made to repeat these scans after 24 hours 
in the manner of Stirrett, e¢ a/.-" to see 
whether higher concentration could 
visualized in tumor sites. 

It has been of primary interest to esti- 
mate the minimum size of any lesion that 
might be detected by this method. This 
minimum will, of course, be dependent up- 
on collimation, aperture, scan speed, and 
the speed of response and fluctuation of the 
background control. With the present 
Investigation in which the background cir- 
cuit allows a differentiation of about 20 
per cent in the counting range, estimates 
have been made of the approximate size of 


be 


a spherical lesion that would displace 
sufficient volume in the subtended solid 
angle to permit detection. These estimates 
indicate 
centrally 


that a space-occupying lesion 
located in a 10 cm. thickness 
should be at least 2.5 cm. in diameter to be 
detected, and in a 5 cm. thickness must be 
at least 1.5 cm. in diameter. 

To check this experimentally, a lucite 
box was constructed with essentially the 
same configuration and shape of an average 
liver. This phantom was filled with an ["*! 
solution similar in concentration to that 
encountered in liver scanning. The present 
collimator and background circuit were 
employed. Simulated lesions were then 
produced by displacing the solution with 
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small air-filled balloons. The observations 
that were made checked quite closely with 
our estimates. It was necessary to inflate 
the balloon to a 2.5 cm. diameter on the 
right side and to about 1.5 cm. in diameter 
on the left. It must be clear that lesions 
near the periphery are more easily detected 
and the deeper the lesion the larger must be 
the dimensions before it may be recorded. 


This in turn suggests that the scanning of 


the jiver might profitably be done with the 
patient lying in the supine, prone and 
lateral positions. 

Since these hepatoscans require approxi- 
mately one half hour for completion, the 
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problem of respiration deserves some men 
tion. If there is unusually wide extisgials 
of the liver by deep diaphragmatic move 
ments, this of course can further reduce the 
acuity with which changes in the liver may 
be observed. Scanograms that are shown 
here, however, seem to require no special 
effort to reduce respiratory movements. 
When the patient is lying quietly, the 
respirations are generally shallow and slow, 


This method of delineating defects and 


abnormalities due to a reduced level 

radioactivity has the 
possibility of differentiating between de- 
fects in the hepatoscans produced by a 
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Fic. 14. Hepatoscan show ing multiple defects throughout the liver. This was performed after administration 
of 200 microcuries of rose bengal. The patient was jaundiced; otherwise, physical examin dion W as n gativ 
The liver could not be palpated. On laparotomy the liver was extensively involved oat Sides pew d 
adenocarcinoma. The peritoneum was also extensively studded with carcinomate d le Tl : ses 
of the xyphoid is shown diagrammatically. ere ee 
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Fic. 15. Hepatoscan of a liver with a single large defect on a patient four years of age. This was performed 


after the administration of 75 microcuries of rose bengal. A year prior to this study a large Wilms’ tumor 
of the left kidney had been removed. Although this has not been proved by laparotomy, there is other 
evidence to indicate that this is almost certainly a large metastatic mass in the liver. 


region of very low cellular metabolic 
activity as, for example, cysts from those 
produced by actively growing normal liver 
tissue, such as primary or metastatic neo- 
plasms. This might be done by first obtain- 
ing a regular hepatoscan according to the 
technique described in this paper. If a 
defect is visualized, then a second scanning 
could be performed after introducing a 
radioelement or compound 
which would be readily metabolized by 
actively growing cells (K“Cl) for example. 
Thus, both liver cells and neoplastic cells 
would rapidly incorporate this element and 


radioactive 


the previous defect would become obliter- 
ated. If the defect in the original hepato- 
scan were due to some process of low meta- 
bolic activity, there would be failure to 
incorporate this element readily and a 
defect would persist. 

Since the discrimination made possible 
by the special cut-off circuit is great enough 
to permit visualization of relatively minor 
difference in the liver, a large preferential 
uptake of the site in question as compared 
with the surrounding tissue is now less im- 
portant, and we have been encouraged to 
explore other problems. One of the organ 
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structures that has appeared promising 
has been visualization of the blood mass 
within the heart by utilizing labeled 
albumin Encouraging preliminary 
studies have already been performed. 


CONCLUSION 


It has been possible to delineate the 
configuration of the liver in normal and 
abnormal states and to demonstrate de- 
fects within its structure when they attain 
appreciable size. This has been achieved by 
approaching the problem from the point of 
view of delineating the organ and observing 
lesions within it rather than depending 
upon the lesions, of whatever nature, to 
selectively take up radioactive elements at 
a level above the surrounding tissues. The 
use of a special cut-off circuit which ac- 
centuated the differences has permitted us 
to visualize defects more clearly. We have 
demonstrated neoplasms and cystic defects 
of the liver. Enlargement of the liver and 
changes in configuration due to pressure 
or encroachment by other structures were 
also shown, 


Hymer L. Friedell, M.D. 
University Hospitals of Cleveland 
2065 Adelbert Road 

Cleveland 6, Ohio 
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A METHOD FOR THE VISUALIZATION OF THE CON- 
FIGURATION AND STRUCTURE OF THE LIVER* 
PART B. A COUNTING RATE CUT-OFF CIRCUIT FOR INCREASED 

CONTRAST IN AUTOMATIC SCANNING 
By W. J. MacINTYRE, Pu.D., and T. S. HOUSER, B.S. 


CLEVELAND, OHIO 


N THE use of the automatic scintillation 
scanner for the visualization of various 
organs, the inherent problem involves clear 
diferentiation of the site containing the 
radioactivity from the enveloping region 
of lower concentration. This difficulty is 
accentuated when there is only a slight in- 
crease in the structure or tissue of interest 
as compared with its surroundings. 

When this background count is due to 
scattered radiation, Allen, Risser and 
Greene! have shown very good improve- 
ment by pulse height spectrometry meth- 
ods. This not only completely eliminates 
any radiation from being recorded except 
when the detector 1s directly over the site, 
but also greatly reduces background due 
to cosmic radiation. It is, of course, only 
useful with gamma rays having a sub- 
stantial photo-peak with the detecting 
phosphor. In scanning the thyroid gland 
following the administration of I'*!, this 
method of eliminating background is very 
effective since there is minimal radioactivity 
anywhere except in the gland itself. In the 
differentiation of brain tumors from  nor- 
mal tissue,” the problem is more difficult 
since a general range of radioactivity is 
presented with higher sites superimposed 
over it. However, the spectrometric meth- 
od has still proved of considerable value in 
this determination. 

While this technique of increasing con- 
trast is useful, it is of no value in differenti- 
ating sites that contain radioactivity at 
varying levels which can still give direct 
radiation. A different approach to this prob- 
lem was made in 1952 by Curtis and Cas- 
sen’ who devised a counting rate cut-off 


circuit by which the printing relay was 
activated only when the detector was re- 
cording over areas of high radioactivity. 
In addition, this circuit acted so as to speed 
up the scanning motor over areas of low 
counting rate and decrease the speed over 
the highly radioactive areas. 

While this circuit would be satisfactory 
for small area scanning such as the thyroid 
where slow speeds can be tolerated, in ap- 
plications for larger organs it is necessary to 
scan at a fairly fast rate throughout. For 
example, in the previous investigation of 
scanning the liver for configuration, posi- 
tion and possible abnormalities, the rate 
selected has been a minimum of ten inches 
per minute. At this speed this circuit shows 
too large a lag or memory effect. Thus, to 
obtain a cut-off circuit that would have a 
fast response time and also a sensitivity 
that would exhibit control on fractional 
increments, some modification has been 
necessary. 

The lag time of the above circuit was due 
in a large measure to the variation in the 
make and break current required to acti- 
vate and deactivate the plate relay. Since 
this differential is normally quite large, 
it is necessary to have a fall in counting 
rate considerably below the preselected 
closing value in order to open up the relay. 
To overcome this problem, a control cir- 
cuit has been devised that follows the con- 
ventional counting rate meter tank circuit 
with a modified Schmitt discriminator to 
incorporate the plate relay. This is shown 
in schematic form in Figure 1. 

This circuit is set up to receive negative 
pulses from an input pulse shaper. The 


* From the Department of Radiology, Western Reserve University, Cleveland, Ohio. Most of the work was performed under Atomic 
Energy Commission Contract No. W-31-10g-eng-78 with Western Reserve University. Presented at the Fifty-seventh Annual Meeting 
of the American Roentgen Ray Society, Los Angeles, California, September 25-28, 1956. 


471 


) 
} 
_ 
} 
| = 


W. J. MacIntyre and T. S. Houser 


Marcu, 1957 


TT 


4 


T 
\ 


3 
22K 
t 4 
TO CONTROL TO CONTROL 
CKT NO 2 CKT NO. 3 


| 300 
ISK = 
= = 
1\OOK = 
= 
| 470K 100K 
s 
100 = 180K lok =: 33K 
| 
RELAY LMII 
5K 


Fic. 1. Background cut-off control circuit. 


tank circuit will swing negatively from 
zero and will cause the relay to switch when 
the grid of the 12AT7 reaches approxi- 
mately —1.1 volts. Reversal of this action 
will occur when the grid returns to —1.2 
volts. When the relay is closed, the con- 
tacts are arranged so as to open the stylus 
recording unit so that no points may be 
recorded. As the grid of the 12AT7 1s 
driven more negatively by an increased 
counting rate, the plate voltage rises and 
the opposite side of the 12AU7 conducts. 
This closes the contact points in the plate 
relay and allows the scan to be recorded. 
With the largest capacitor selected feed- 
ing into the 6ALS and with the five megohm 
potentiometer at its position of highest 
sensitivity, this voltage is reached at about 
60 counts per minute. This then is the 
lowest recording rate available. For selec- 
tion of exact counting rate to cause this 
switch-over, the five megohm potentiome- 
ter may be adjusted in any position. For 
large changes in counting rate it 1s diffi- 
cult to adjust the potentiometer at the 
lowest end of this range; therefore, three 


ranges have been selected by a choice of 


capacitors leading into the 6ALS5. 

With the small hysteresis in the modified 
Schmitt discriminator, the majority of the 
memory effect in this circuit originates from 
the o.4 second time constant of the tank cir- 
cuit. This time constant is well within the 


requirement of the scanning speed but does 
not exhibit as small an error as desired for 
some of the counting rates encountered. In 
this instance some compromise must be 
made between scanner speed used and the 
probable error that may be tolerated. In 
Figure 1 three control circuit outputs are 
indicated since we have found it advan- 
tageous to scan simultaneously with two 
or more recording styli set to record at 
various counting levels. 

As noted in the section dealing with the 
clinical investigations, this circuit has been 
used extensively in visualizing the liver 
when various materials such as_ tagged 
tetraiodophenolphthalein, rose bengal, and 


Au!®S have been used. In Figures 2 and 


3 two hepatoscans are shown as recorded 


simultaneously with and without the count- 
ing rate cut-off circuit. These scans were 
obtained utilizing a inch inch sodium 
iodide thallium activated crystal in the 
scanner set at a speed of ten inches per 
minute, and recorded on Teledeltos paper.’ 
As seen here, without the cut-off employed, 
little is seen of the outline except for the 
higher concentration of the gallbladder 
at the lower left central portion of the scan. 

The application and advantage of this 
circuit has been shown in the illustrations 
in the previous section (Part A) where 
numerous defects have been outlined with- 
in the substance of the liver. It should be 
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3. Comparison of hepatoscans of an enlarged liver recorded simultaneously without the background 
cut-off at the top, and with the background cut-off at the bottom. Patient was administered 2 
curies of colloidal gold (Au'’*). 
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pointed out again that these defects are 
sites of lower concentration as compared 
with the normal liver structure, and when 
the counting rate over these defects or 
hiatuses has been reduced by 20 per cent 
or more as compared with the surrounding 
liver, the circuit then ceases recording and 
thus accentuates the differences. 

W, J. MacIntyre, Ph.D. 

Department of Radiology 

Western Reserve University 

Cleveland, Ohio 
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By P. F. HAHN, 


FRANK E. 


Pa DK... 


Cancer Research Laboratories, 


NASHVILLE, 


production of ascites and hepatic 
fibrosis due to massive amounts of ra- 
diation by intravenous injections of radio- 
active colloidal gold in puppies has been the 
subject of a preliminary report.’ At that 
time the optimal spacing and dosage tor 
such radiation insults were not well estab- 
lished but it was estimated that something 
of the order of 40,000 or more equivalent 
roentgens to the liver in divided doses were 
required. Following a single intravenous in- 
jection of this colloid approximately go per 
cent is phagocytosed by the liver, 6 to 8 
per cent by the spleen with the remainder 
divided among the bone marrow, lungs and 
lymphoid tissue. 

It was thought desirable to extend the 
experiments reported on the initial small 
group of animals using larger series of dogs 
of different ages and a wider dosage range 
in order to determine the reproducibility of 
production of cirrhosis and ascites. The fol- 
lowing is a report on the clinical observa- 
tions, weight changes, and survival times 
along with 
seen In 33 
multiple intravenous injections of 
active colloidal gold. 

Shields Warren, ef a/. have presented 
comprehensive review of the effects of radi- 
ation, delivered in most cases externally, on 
normal However, there have 
been relatively few reports on the effects of 
intravenous radioactive gold.” 


gross and microscopic changes 
dogs of various ages receiving 
radio- 


7,8,10 


METHODS 

Dogs used in these group studies were 
litter mate hounds with the exception of the 
heterogeneous Group vit (Table 1). The ani- 


* This study was carried out under contract with the Divis 
Macy, Jr., Foundation 


and by a grant from the Josiah 


STAGGERS, M.D., and MARVIN A. 


ion of Biology and Medicine, 
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AGE, DOSAGE AND SURVIVAL ON EF. 
MULTIPLE INTRAVENOUS INJECTIONS 
RADIOACTIVE GOLD COLLOIDS IN DOGS* 


CAROTHERS, ANDREW 


1. JACKSON, M.D., 


JACKSON, M.D. 
Meharry Medical College 


TENNESSEE 


mals were dewormed, given distemper vac- 
cine and maintained on Purina Dog Chow 
with no supplements. They were given the 
radioactive colloidt by vein at 
varying from two to four weeks (Table 1) 
With a half life of 2.7 di ivs most of the ra- 
diation from Au!** is delivered over a period 
of ten days. Assuming 90 per cent deposi- 
tion of the colloid in a liver mass taken as 
2.4 per cent of the body weight, the equiva- 
lent roentgen dose of the beta radiation to 
this organ was calculated from the formula 
of Marinelli, Quimby and Hine." The total 
values of equivalent roentgens listed in 
lable 1 represent the summation of the in- 
dividual dosages delivered. Blood studies, 
including total white blood-cell count, dif- 
ferential, hematocrit and sedimentation 
rate were carried out at three day intervals 
in the adult dogs. Hemograms on puppies 
were done at weekly intervals to avoid un- 
necessary depletion of iron reserves. No de- 
coagulation 
The hemato- 


termination of platelets or 
phenomena were performed. 
logic changes in this series of animals are to 
be described elsew here. 

When clinically advisable, ascitic fluid 
was removed by paracentesis. Electropho- 
retic studies of these fluids and correspond- 
ing plasmas are reported elsewhere.* When 
it was obvious that animals were in a ter- 
minal condition they were sacrificed by in- 
travenous administration of chloroform or 
nembutal. Otherwise, animals were autop- 
sied as soon after death as possible. In 
several cases postmortem changes preclud- 
ed satisfactory microscopic study and these 
Abbott Laboratories, Oak Ridge, Tenn. 
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VoL. 
Average 
Dog ING. Of Interval 
nte 
Group No Doses 
days 
I f 22 
22 
9 22 
II 14 
16 
i 2 21 
*c1-24 2 14 
I-2 2 14 
IV 1-2 21 
1-25 
1-29 
| I 
I 21 
6 
\4 
\ 1-9 
1-6 2 
1-61 2 
1-62 14 
1-6 14 
1-f 14 
VI c1-101 2 21 
2 
Vil §c-26 12 
I-44 14 
1-1 f 29 
f 
1-11 $4 
Vill I 
i 6 2 
6 


e.r.=equivalent roentgens as calculated 


A= Adult Dog (one vear or more 
*= Ascites ultimately induced 
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TABLE I 


RADIATION PROTOCOL 


Survival Survival 
Age First Last Weight (lbs.) Dose Schedule 
Total to Liver 
wks. Dose to Dose to [Initial /Terminal mc /inj.) 
Death Death 
days days 
2 11g 7 13.2 13, 29, 4° 
29 RR 62 18 7 8.1 20, 35, 44 
¢ 112 68 5 10, 19, 3 
1g 6 6 2 I 21.8 14 62, $4, 47 
14.2 4 4 14 23.8 21.9 §0, §1, OI 
128 33.9 28 30, 47, 46, 4l, 25, 
34, 94, 67 
11.2 4 25 31.6 24 93, 31 
14.9 44 5 $4 4 3.3 6.8 9,14 
22.4 66 2 6 2.6 3.4 9, 15 
6 4 I 22, 2§ 
f 2 I 6.8 10, 22, 25 
Sac Sac 53.2 
2 RR 419 4 4.5 IO, 22, 25 
64 6 6.1 IO, 22, 2§ 
62 6.6 15.6 
18.8 68 6 I 9 60.7 I 2 IO, 22, 24, 11 
1 4 6¢ 9 8.1 13.2 13,231 
12.2 I 21 6.5 II, 23 
2 I 38 21 8.9 10.8 11, 27 
6.¢ 19 I I 4 10.2 12 11, 23 
9 2 9 } It, 23 
I 4 4 if f I 6 I 2 24 
12.4 38 if 4 6.3 20, 24 
4 \ 61 28.9 47, 40, 25, 22, 
) \ y(sac 26(sac 27.4 57s 58, 445 50, 4! 
41,§ 
69 \ Lif 16 33 25.6 46, 50, 30, 75, 34 
4 69 5 I I It, 2 
) ( I 10.2 13,15 
I I 8%, 24, 24, 20, 
36 
4 1 ) it 22 2 9°, 44 
4 I 16 13-3 14 29, 34 
2 if 14 22.2 12,1 19g, 1 2 
i7, 2 
I 2 9 2.2 1% 3% Ie 1 2 
f 4 144 11 11.8 2.4 3 20, 


animals were deleted from this series. Two to transfusions to circumvent infection or 


animals were given decayed gold colloid as hemorrhagic diathesis. 


controls and sacrificed after 30 and 131 days. 
When marked leukopenia developed pent- 
cillin was given to combat secondary in- 


EXPERIMENTAL OBSERVATIONS 


Group I consisted of 4 seven-week-old 
fections. However, in no case did we resort puppies presented in a preliminary report.’ 


| 2 
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Litter mate 50-9 had served as a control for 
this group during the original study period. 
Subsequently a total of 20 millicuries per 
kg. by vein in 3 doses was administered 
(Table 1), resulting in progressive weight 
loss over the treatment period. It is to be 
noted that this dog was given a slightly 
smaller dose of radiation than the others 
and at the time of first treatment had 
reached the age of twenty-six weeks in con- 
trast to seven weeks for the litter mates 
which had developed ascites. All dogs in the 
litter showed damage to reticuloendothelial, 
hematopoietic and lymphoid tissue. 

Group II consisted of three litter mates 
(approximately forty weeks old) receiving 
an average of 18 mc/kg. or 53,000 er to the 
liver in divided doses (Table 1). All 3 ani- 
mals displayed a net weight loss over the 
treatment period. Both 50-14 and 50-16 
had shrunken livers and spleens at autopsy. 
Also noted were petechiae over the lower 
abdominal wall and groin. No ascites or 
gastrointestinal hemorrhage was noted 1 
this group. In Table 1 it can be seen that 
50-16 was given 85,000 equivalent roent- 
gens, a very considerable dose of irradia- 
tion. Ascites did not develop in this group, 
but a considerable amount of liver damage 
was demonstrated. Although 50-14 and 
50-16 survived a sufficient period to have 
been expected to develop ascites and the 
dosage was compatible with its production, 
in retrospect we can now say that they were 
not in the correct age category. This group 
is of further interest since 50-16, which re- 
ceived a near maximal dose in our experi- 
ence, survived 128 days from the time of 
the first injection but no ascites was found 
at autopsy six days following the last treat- 
ment. In addition to the age factor 50-17 
probably lived an insufficient time for de- 
velopment of ascites. 

Group [Tl represented 2 litter mate five- 
week-old puppies w hich were given increas- 
ro activities in 2 doses two weeks apart 

Table 1) in an attempt to duplicate as 
oe as possible the conditions estab- 
lished in Group 1. The death of 51-25 fol- 
lowing the second dose of 18 mc wrol ibly 


Hahn, Carothers, Jackson, Staggers and Jackson 
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represented an acute radiation death. These 
animals continued to gain weight under 
treatment. Dog 51-24 developed ascites six 
weeks after the initial dose and was aspi- 
rated repeatedly before sacrifice at 54 days, 
It received the near critical amount of 
44,000 equivalent roentgens with sufficient 
survival time for development of ascites. At 
autopsy both dogs had shrunken livers and 
small nodules were seen in the case of 51-24. 
Dog 51-25 suffered gross gastrointestinal 
hemorrhage and hemorrhagic pneumonia, 
This animal also had enlarged hemorrhagic 
mesenteric lymph nodes as well as ecchy- 
motic areas over the costal and diaphrag- 
matic pleura. 

Group IV represented 2 litters of puppies 
six weeks of age which also received increas- 
ing amounts of radiation at two to four 
week intervals (Table 1). The 2 litters were 
grouped together because of age and com- 
parable levels of radiation received. They 
received an average of 27.4 mc/kg. or 
66,000 equivalent roentgens to the liver, 
Puppies 51-29 and $1-33 were used for con- 
trols of their litters, receiving several in- 


jections of decaved radioactive gold col- 


loid. The survival time of the dogs was 
fairly uniform (about so days) with the ex- 
ception of 51-34 which survived 107 days 
and received a fourth dose of 11 me on the 
96th day. This latter was the only dog of 
this group developing ascites and did so 
fifteen weeks after first treatment. All of 
the treated animals died within ten days 
after the last intravenous gold injection 
with symptomatology and laboratory data 
suggesting acute radiation deaths. All mem- 
bers of this group showed a net weight gain 
at death, although the weight increase of 
controls at sacrifice was much greater than 
that of the litter mates. The livers were 
shrunken in all 5 of the treated dogs and the 
spleens in 4 of them. Gross gastrointestinal 
hemorrhage and_ serosal petechiae were 
noted in 2. Subcutaneous ecchymoses were 
noted over the lower abdomen of 2. Hemor- 
rhagic mesenteric lymphadenopathy was 
Pulmonary edema and hemor- 
dogs receiving 


seen 
rhage were found in all § 
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radioactive material. The gross findings in 
the controls at the time of sacrifice were not 
remarkable. In Group 1v the animals were 
all sufficiently treated for the production of 
ascites but the only dog having a survival 
time sufficient for ascites to develop ap- 
peared to be 51-34. 1 

Group V’ was made up of 6 litter mate 
puppies fifteen weeks of age at time of 
treatment. These dogs received 11 me Au!®® 
followed by 23 mc fourteen days later with 
the exception of 51-60 which received 3 
treatments (Table 1). This represented a 
group average of 9.3 mc/kg. and 27,000 


Multiple Intravenous Injections of Radiogold in Dogs 479 


equivalent roentgens to the liver which is 
considerably lower than the other 7 groups. 
The survival times here were not uniform, 
ranging from 18 to 66 days. Several of these 
animals died shortly after the final dose. 
With the exception of 51-65 the terminal 
weights were greater than the pretreatment 
values (Table 1). Hepatic and_ splenic 
shrinkage was seen in 4 of them. Dog 51-60 
displayed generalized lymphadenopathy. 
Epicardial hemorrhage was found in §1-62. 
Ascites developed in 51-59 in eight weeks 
and 51-60 in nine weeks after the first gold 
injection (Table 11). We note that 2 of the 


TABLE I] 


ASCITES 


Survival 


Total Vol. 


Age at ry 
lime First Appearance  Ascitic 
Dog Initial e.r. 
Dose to of Ascites Fluid Liver Pathology 
No. Injection to Liver it 
y Death (days) Removed 
(wk.) 
(days) (ml.) 
50-6 7 11g 7 1 ,000+ sg,000.~>_— Fibrosis 3+; parenchymal damage 
50-7 62 62 clinically 88,000. ~>_— Fibrosis 2++; parenchymal damage 
noted 
50-8 112 72 1,8 65,000 ~=— Fibrosis 2+; parenchymal damage 
51-24 5 $4 43 2,05 44,000 Fibrosis 1+; dilated perivascular 
lymphatics; parenchymal damage 
51-34 6 107 107 autopsy 68,000 ~=— Fibrosis 2+; dilated perivascular 
700 lymphatics; edema of Disse spaces; 
parenchymal damage 
51-59 1s $2 33 4 26 ,00 Fibrosis 2+; dilated perivascular 
lymphatics; edema of Disse spaces; 
parenchymal damage 
51-60 16 66 63 2 34,000 Kibrosis 3+; dilated perivascular 
lymphatics; parenchymal damage 
$1-112 1 112 112 9 31,000 ~= Fibrosis 1+; parenchymal damage 
51-108 18 175 16 $6,000 Fibrosis 2+; parenchymal damage 
§1-52 2 162 1S4 3 43,000 ~= Fibrosis 3+; parenchymal damage 
145 clinically 61, Fibrosis 2+; fat; severe parenchy- 
noted mal damage 
51-58 2 144 126 54,00 kibrosis 1+; parenchymal damage 
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animals in Group V, surviving over 50 days, 
developed ascites in spite of the fact that 
their total irradiation was only of the order 
of 30,000 equivalent roentgens. 

Group VI was composed of 2 sixteen- 
week-old litter mate dogs which received 
an average of 14.1 mc/kg. or 41,000 equiv- 
alent roentgens to the liver in 2 doses 
(Table 1). The survival time was shorter 
than that for other groups. Both animals 
displayed net weight gain during the ex- 


perimental period. The liver and spleen of 


51-101 were shrunken and the former organ 
had yellowish areas of necrosis on the supe- 
rior surface. Hemorrhagic pleural surfaces 
were noted in §I-IOI w hile gross gastroin- 
testinal hemorrhage was apparent in the 
other dog. Both animals received what 
would be looked on as adequate radiation 
but their survival times were insufficient to 
have been expected to result in ascites. 

Group VII consisted of a heterogeneous 
collection of animals of varying ages which 
received on the average 21.9 mc/kg. or 
50,000 equivalent roentgens to the liver. 
The adult animals of this group suffered 
net weight losses during the treatment pe- 
riod while the puppies displayed a net 
weight gain (Table 1). A shrunken liver was 
seen in one animal (50-30) and hepatic ne- 
crosis and infarction in another (50-28). 
The spleens of 3 animals were decreased in 
size (50-: 30, 50-2 6 and 50-28 The last dog 
had splenic infarcts. Jaundice was seen in 
51-74 while the thymus of 50-30 was grossly 
hemorrhagic. Gastrointestinal hemorrhage 
was noted in 4 of the dogs. Bilateral hydro- 
thorax, edema and pneumonia were also 
observed in this group. Ascites was noted in 
2 animals, 51-108 and $1-112 (Table 1). Al- 
though several animals (50-26, 50-28 and 
50-30) in this heterogeneous group received 
considerable radiation resulting in marked 
liver damage, these adults lived for pro- 
tracted periods without displaying ascites. 
That §1-74 did not 
would now attribute to his being of adult 
age. Puppies 1-4 and 51-44 did not develop 
ascites. 

Group VIII consisted 


develop ascl tes we 


litter mate 
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Dalmatian mongrels. These dogs were 
among those animals having the longest 
survival times in this series despite their re. 

‘elving a considerable amount of irradia. 
ra spread over 6 to 7 treatments (Table 
1). All three dogs developed ascites in 22 
21, and 18 weeks, respectively. They were 
twenty weeks of age at the time of first 
treatment which represents the oldest ani- 
mals in which ascites developed. The un- 
usual handling of purines by Dalmatians 
must be kept in mind. Bilateral a 
fluid was seen in 2 of these animals (51-¢ 
and 51-55), gastrointestinal hemorrhage in in 
and s51-58) while 51-58 had a 
shrunken spleen. A hob-naii liver was found 
in §1-§5 while 51-58 showed hepatic in- 
farcts. Renal cortico-medullary 
rhage was apparent in $1-55 

It is of interest to compare these 3 ani- 
mals with 2 dogs of adult age (considering 
those one year or more as adults) which 
received comparable levels of radiation, 
having adequate survival time from first 
treatment to death and also multiple doses. 
Such animals are 50-28 and 50-30 in Group 
vil. These latter dogs showed considerable 
liver changes but displayed no evidence of 
ascites during life or at autopsy. 


2 (§1-§§ 


hemor- 


MICROSCOPIC CHANGES* 


As expected the outstanding changes re- 
sulting from repeated intravenous. injec- 
colloidal 


tions of radioactive gold were 
found in organs containing reticuloendo- 


thelial, lymphatic and hematopoietic tissue. 

Liver. Portal fibrosis of some degree was 
seen in all of the 33 dogs receiving multiple 
doses of radiation. This fibrosis was of a 
mild degree, a 4+ fibrosis here being equiv- 
alent in appearance to a mild Laennec cir- 
rhosis in a human. A 1+ fibrosis is char- 
acterized by some increased portal connec- 
tive tissue with slight distortion. A 2+ or 
3+ fibrosis would show correspondingly 
greater fibrosis and distortion of architec- 
ture. Most of the sections seen here were 
classified as 1+ or 2+ with few 3+ fibrosis 


* We are mination 


of the histologic sections. 
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Liver: portal and 


Fic. 1. Dog s0 30. 


perivascular fibrosis (X35). 


and only one 4+ (dog 50-30) (Fig. 1 and 
2). Besides an increase in collagenous con- 
nective tissue in portal areas, mild to mod- 
erate proliferation of small bile ducts was 
also noted. Fibrous proliferation around 
central veins was seen in some sections but 
the process was mild and inconspicuous in 
comparison with the portal fibrosis. In 
keeping with other types of cirrhosis there 
seemed to be a decrease in the size of the 
portal vein radicles in these dogs but he- 
patic artery branches showed little evidence 
of alteration. Variation in nuclear and cell 
size, focal necrosis, edema of the spaces of 
Disse and dilated perivascular lymphatics 
were seen in §2, 38, 21 and 17 per cent of 
the sections respectively. The recticuloen- 
dothelial cells generally contained brown 
and blackish pigment, the nature of which 
was not determined but was presumed to 
have been gold. Etforts to correlate the 
total dosage with the degrees of histologic 
change met with failure. Neither did there 
seem to be any relation between the devel- 


opment of ascites and the histologic 


Dog 50-30. Liver: same under 
higher power (X150). 


changes. From Table 11 it is apparent that 
varying degrees of portal fibrosis may be 
associated with ascites. Parenchymal dam- 
age was apparent in all of these dogs. Con- 
versely, 6 other animals having consider- 
ably liver cell damage did not develop 
ascites. 

Spleen. In 86 per cent of the spleens mal- 
pighian bodies were either entirely absent 
or were small. There was an over-all de- 
crease in white pulp in many of the spleens. 
There appeared to be an increase in connec- 
tive tissue in $$ per cent although Mallory 
and Masson stains failed to demonstrate a 
corresponding increase in collagen. Cap- 
sular thickening and large collections of 
pigment were also a frequent finding. 

Lymph Nodes. As would be expected the 
changes in lymph nodes produced by in- 
jected radioactive gold resembled those of 
the spleen. The variations seen depend in 
part on the location of the lymph node 
taken for study. Ninety per cent of sections 
presented no germinal follicles (Fig. 3). 
Commonly seen was congestion of sinus- 
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Fic. 3. Dog 50-30. Lymph node: typical 
radiation effects (X75). 


oids with red blood cells in macrophages. 
A few lymph nodes were actually hyper- 
plastic. The majority had_ reticuloendo- 
thelial hyperplasia accompanied by phago- 
cytosis of red blood cells and cellular de- 
bris. The black pigment granules noted 
above were frequently seen both inside and 
outside cells. 

Gastrointestinal Tract. There was altera- 
tion of the lymphoid follicles in some sec- 
tions of the intestines. However the most 
frequent disturbance was hemorrhage, most 
often submucosal in variety. The incidence 
of hemorrhage was noted with far greater 
frequency in gross than in microscopic spec- 
imens. 

Bone Marrow. Many dogs had a com- 
pletely aplastic or markedly hypoplastic 
marrow; however, 2 animals, ¢1-112 and 
51-44, had apparently normal marrow pic- 
tures. The age of the animal appeared to 
exert little influence on the degree of bone 
marrow depression. The mean. survival 
times in the hypoplastic and aplastic 
groups were not significantly different. The 
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marrow sections of 51-33, a control receiy- 
ing inactive colloid, were normal but con- 
tained black pigment granules. 

Lungs. Many dogs showed an intersti- 
tial or hemorrhagic bronchopneumonia al- 
though 34 per cent of sections were normal 
in appearance. 

Other Organs. The heart, adrenals, kid- 
neys and pancreas were characterized in 
general by the paucity of histologic 
changes. Cardiac sections of 51-62 showed 
focal, intramural and epicardial hemor- 
rhage while those of 51-101 displayed myo- 
cardial hemorrhage. Protein coagulum in 
the convoluted tubules of §1-102, 51-112, 
§1-$9, §1-17 and 50-14 was noted while 
medullary hemorrhage and focal, cortical 
hemorrhage were found in the adrenal in 
s0-30. Thymus sections displayed changes 
similar to those seen in other lymphoid or- 
gans. 


DISCUSSION 

Krom a careful perusal of Tables 1 and 
11 some broad generalizations may be made 
concerning the requirements for production 
of radiation ascites and cirrhosis in dogs. 
We are here concerned solely with uncom- 
plicated radiation procedures including no 
dietary restrictions, since it has been 
pointed out that other factors may act 
synergistically in promoting such changes.° 
In order to effectively produce ascites it 
would seem that the animal should be 
twenty weeks of age or less at the beginning 
of the irradiation. A total radiation dose to 
the liver should probably be of the order 
of 40,000 equivalent roentgens or prefer- 
ably more, delivered in multiple doses 
spaced at approximately two to three weeks 
apart in order that the repeated insult be 
superimposed on the liver before complete 
recovery from the previously administered 
dose of irradiation has occurred. It is neces- 
sary that the animal survive at least §5 
days and preferably 100 days in order that 
the full impact of the irradiation procedure 
be felt. 

In the range of radiation used we are 
dealing with highly critical levels, and the 
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mortality incident to radiation effects was 
relatively high. As has been shown before* 
single massive doses of radiation adminis- 
tered internally will result in death in from 
seven to fifteen days and with an average 
of about nine days. 

It is to be noted that of the 12 dogs in 
which ascites developed the minimum time 
from first treatment to death (survival 
time) was 54 days. Of the remaining 21 
animals, in none of which ascites developed, 
only 8 survived 54 days or more. Of these 
8 only 2 were under twenty weeks of age; 
namely, 51-4 and 51-44. The latter animals 
received only 23,000 equivalent roentgens 
which was probably insufficient to cause 
development of pathologic and physiologic 
changes for the induction of ascites. Dog 
s1-4, it might be remarked, on two occa- 
sions had slough of the superficial tissue of 
the groin and neck indicating that on such 
occasions there probably was some gold, 
which extravasated during femoral or jug- 
ular administration so that the total liver 
dosage of 65,000 equivalent roentgens is 
seriously in doubt. Thus, under the criteria 
mentioned above one can nearly predict the 
development of ascites under proper man- 
agement. 

An unprejudiced attempt was made to 
correlate the microscopic pathologic findings 
and development of ascites with the total 
radiation delivered. Poor correlation was 
not surprising since Post and Rose in a 
series of 62 patients with Laennec’s cir- 
rhosis found no good relation between clin- 
ical course and histologic lesions or between 
functional state and microscopic changes.” 
In general, if the animals survive long 
enough cirrhosis will develop and in the 
cases of puppies ascites has an excellent 
chance of occurring. 

In the first group of 4 animals reported 
earlier both cirrhosis and ascites seemed 
readily producible. On the other hand it is 
apparent from this larger series that al- 
though hepatic fibrosis of some degree can 
be produced consistently with repeated 
massive intravenous injections of radioac- 
tive colloidal gold, the development of 
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ascites under similar conditions in uncom- 
plicated experimental irradiation occurs 
usually only in young dogs. More recently 
in this laboratory we have been successful 
in producing ascites in adult animals when 
radiation is accompanied by repeated phle- 
botomy.® 

The histologic changes found in the 
livers are in contrast to the paucity of fibro- 
sis and liver cell damage seen in dogs re- 
ceiving single massive doses of radioactive 
colloidal gold and surviving short periods.°* 
Besides the necrotic effect on the hepatic 
cells, there is direct damage to the blood 
vessels beginning with a breakdown of the 
endothelium,!:* following which there is an 
increase in connective tissue perivascularly 
resulting in stenosis of the vessels and, in 
many cases, in their ultimate obliteration. 
With the loss of vascular potency in portal 
vein radicles, ischemia may cause second- 
ary changes such as portal fibrosis, central 
cellular infiltration and variation in pa- 
renchymal nuclear and cell size. Conditions 
favorable for development of portal fibro- 
sis and parenchymal damage appear to be 
repeated radiation insults to the liver with 
only sufficient intervals between injections 
to allow reparative processes to begin. The 
amount of radiation from any dose must be 
kept small enough to avoid acute radiation 
death and to allow the animal to survive 
for a sufficient period for fibroplasia to ap- 
pear. 

Although the spleen may receive only 
6-8 per cent of an intravenous injection of 
the radioactive colloidal gold, its smaller 
size would cause it to receive 50-80 per cent 
as much total estimated beta equivalent 
roentgen dosage as the liver. Thus, one 
might expect a considerable radiation effect 
on lymphoid and endothelial splenic ele- 
ments. Moreover, an initial enlargement of 
the spleen following the first massive dose 
of gold‘ may result in some displacement of 
malpighian bodies with subsequent pres- 
sure atrophy of the pulp. Capsular thicken- 
ing may also be explained on the basis of 
pressure from a congested pulp. No expla- 
nation is offered for the normal appearance 
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of a few of the spleens except that it may 
suggest considerable regenerative capacity 
of this organ. 

Findings in lymph nodes in this series 
do not differ from those mentioned by 
other investigators. The production of 
hemorrhagic lymph nodes as found in some 
cases here has been described by Bigelow, 
Furth, e¢ al. 

The lack of radiation injury to the kid- 
ney, adrenals and heart as evidenced his- 
tologically is probably due to the low 
reticuloendothelial content of the organs 
and to the negligible urinary excretion of 
gold colloids in the case of renal tissue. 

The microscopic changes seen in this 
series are consistent in location with the 
distribution of intravenously administered 
colloidal radiogold.*:* One is impressed with 
the tremendous amount of irradiation with 
which the liver is able to contend without 
showing more drastic pathologic manifes- 
tations both under gross and microscopic 
examination. Radiogold is being employed 
in the treatment of a wide variety of malig- 
nancies using several routes of administra- 
tion. Not infrequently, one encounters a 
note of concern regarding its transfer via 
blood stream to the liver with subsequent 
irradiation of that organ. It might be ad- 
vantageously pointed out that in the treat- 
ment of chronic leukemia by the intrave- 
nous route, where go per cent of the gold is 
lodged in the liver, about 2,500 equivalent 
roentgens are delivered. Thus, there is a 
wide margin of safety when one considers 
the magnitude of doses cited above. 

The results of electrophoretic investiga- 
tion of the plasmas of a number of these 
dogs have been presented elsewhere.* 


SUMMARY 


Studies of 33 dogs of various ages which 
received multiple, massive intravenous 1n- 
jections of radioactive colloidal gold are 
presented. The principal alterations con- 
sisted of proliferative and degenerative 
changes in reticuloendothelial, lymphatic 
and hematopoietic tissue. There was little 
correlation between dosage and gross and 
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histologic changes. Histologic changes and 
the development of ascites did not appear 
related. 

It was necessary to administer 40,000 or 
more equivalent roentgens of radiation to 
the liver in divided doses, presuming a sur- 
vival time of 50 days or more, to produce a 
mild cirrhosis in adult dogs. Age played an 
unknown but important role in the hepatic 
response to radiation. Dogs of about 
twenty weeks of age or less developed as- 
cites as well as cirrhosis but adult animals 
did not develop ascites. The adult animals 
lost weight while puppies gained weight in 
the face of repeated radiation insults. 

[t is pointed out that inadvertent intro- 
duction of radiogold into the blood-stream 
during therapy would likely be well toler- 
ated following phagocytosis by the liver. 


Dr. P. F. Hahn 
Cancer Research Laboratories 
Nashville 8, Tennessee 
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TREATMENT OF MALIGNANT EFFUSIONS BY INTRA- 
CAVITARY INJECTION OF RADIOACTIVE 
COLLOIDAL GOLD* 


By CHU H. CHANG, M.D., ARNOLD H. JANZEN, M.D., ALAN B. SKORNECK, M.D.,+ 
and PAUL J. ROSENBAUM, MLS. 


NEW HAVEN, CONNECTICUT 


ADIOACTIVE colloidal gold was first 
used by Muller’ to treat malignant as- 
cites by direct injection into the peritoneal 
cavity. In 1950 he reported on 8 patients 
treated by this method with favorable ef- 
fect on inhibition of fluid formation. Subse- 
quently many 
appeared in the literature supporting Mul- 
ler’s work. However, more cases must be 
treated and evaluated in order to establish 
its true value. Since 1951, we have treated 
40 cases of malignant pleural and peritoneal 
effusions with this method with slight to 
marked improvement in 20 cases. One case 
of lymphosarcoma with malignant peri- 
toneal effusion has survived three years 
and is presented here in detail as a long 
term follow-up of this form of therapy. 
The rationale of the method derives from 
the physical and biologic properties of the 
colloid. Its success depends on (1) a com- 
plete bathing of the peritoneal cavity by 
the radioactive colloidal suspension, (2) a 
substantial fixation of the colloid on the 
serosal surfaces, and (3) a relatively small 
dissemination into the general circulation. 
Although radioactive gold has both a beta 
and a gamma emission, the beta particles 
account for most of the radiation effects 
and, therefore, the method cannot be very 
effective in the case of bulky metastases, 
since the penetration of the beta radiation 
is small. However, there is good evidence? 
that a small amount of the colloidal gold 
is removed from the cavity to the regional 
lymph nodes, and a very appreciable 


amount is deposited in the liver, spleen 
and bone marrow. 


TECHNIQUE OF TREATMENT 


The administration of radiogold into the 
affected cavity has become a relatively 
simple procedure. When a shipment of 
radiogold arrives, the radioactivity is 
measured by a modified Lauritzen electro- 
scope, previously calibrated with a known 
source of radium. The desired amount of 
the colloidal gold is then removed from the 
vial into a lead shielded flask designed by 
Tabern and co-workers* and transported 
to the treatment room for use. 

After paracentesis, a polyethylene tube, 
5 feet long with inside diameter 1.77 mm. 
is inserted through the trochar. The trochar 
is then removed, and the edges of the 
wound are tightly approximated about the 
polyethylene tube with a purse string su- 
ture. When free flow is present, the other 
end of the tube is connected to the lead 
shielded flask containing the radiogold 
and the injection proceeds as described by 
Tabern. A long, slender polyethylene tube 
is used in order to increase the distance 
between the patient and the operator and 
to minimize the deposition of the colloidal 
gold on the wall of the tube. Usually 100 
to 150 millicuries of radioactive colloidal 
gold is injected. The whole procedure of 
injection takes less than fifteen minutes 
and the exposure of the personnel to the 
radiation 1s less than to milliroentgens. 

A similar procedure is followed for the 


* From the Departments of Radiology, Yale University School of Medicine and University Service, Grace-New Haven Community 
Hospital, New Haven, Connecticut. Presented at the Thirty-seventh Annual Meeting of the American Radium Society, Washington, 


D. C., April 21-23, 1955. 


rhis work was supported in part by the American Cancer Society through an institutional research grant to Yale University S shool 


of Medicine. 


The radioactive colloidal gold used was obtained from Abbott Laboratories, North Chicago, IIlinois 
+ From the Department of Radiology, Veterans Administration Hospital, West Haven, Connecticut. 
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intrapleural injection except a finer poly- 
ethylene tube, inside diameter 1.19 mm., is 
introduced through a 1§ gauge thoracen- 
tesis needle. Because of the smaller size 
of the pleural cavity, a treatment dose of 
<o to 75 millicuries is usually used. 
~ Immediately following the injection, the 
patient should change his position every 
five minutes for the first hour and at fre- 
quent intervals during the next few hours in 
order to insure a more uniform distribution 
of the radioactive material throughout the 
cavity. The patient is housed in a single 
room with a private toilet facility. The 
nursing care is minimized during the first 
few days due to the external radiation haz- 
ard. Since relatively little of the isotope 
is excreted,? the handling of feces and 
urine presents no serious problem. The radi- 
ation precaution is lifted when the remain- 
ing activity of the radiogold is below 30 
millicuries level.° 
SELECTION OF PATIENTS 

We at first accepted almost every case 
with proved malignant effusion for pallia- 
tion. While fit patients tolerate the treat- 
ment well, those in a terminal condition 
may deteriorate with unexpected rapidity. 
Later we selected only those cases of 
proved malignant effusion in which there 
was no severe general deterioration as a 
result of the malignant process and in which 
there were no adhesions, loculations or 
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large masses of tumor tissue on the wall. A 
minimal number of three previous tappings 
are also required by us before the radio- 
gold treatment is given in order to observe 
the rapidity of the fluid formation and to 
evaluate better the effectiveness of the 
treatment. Blood transfusion sometimes 1s 
given to build up the hemoglobin above 
10 gm. per cent and liver function tests are 
usually done before and following the 
treatment. 


RESULTS 


Up to December, 1954, we have treated 
40 patients with malignant serous effu- 
sions. Of these, 23 were treated for pleural 
effusion (Table 1) and 17 for ascites (Table 
11). Most of them had far advanced disease. 
A few of them had previous courses of post- 
operative roentgen therapy to the chest or 
the abdomen, not primarily for the ef- 
fusion. 

Of the 23 patients treated with intra- 
pleural gold, 12 showed a slight to marked 
degree of inhibition of fluid formation. 
Kleven showed no improvement. Among 
the 12 improved, g died before a year passed 
while 3 survived more than one year. 
Among the 3 cases, | required a repeated 
dose to achieve the full palliative effect. 
One developed pleural adhesions and locu- 
lations ten months later, which prevented a 
second gold treatment. A course of roent- 
gen therapy to the pleura was then given 


TABLE I 


RESULTS IN INTRAPLEURAL EFFUSIONS TREATED WITH AuU!%8 


: No. of No. Survived No. Survived No. Survived No. with 
Primary Malignancy Palliation 
: Patients over 1 Mo. over 6 Mo. over I Yr. : 
Achieved 
Carcinoma of breast IC 8 3 2 6 
Carcinoma of lung 4 4 2 I 2 
Hodgkin’s disease 3 I 3 fe) 
Lymphosarcoma 2 2 I fe) 2 
Mesothelioma 
Carcinoma of corpus uteri 
Carcinoma of cervix uteri I I I O I 
Unknown O I 
Total 22 16 12 
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TABLE II 


RESULTS IN INTRAPERITONEAL 


No. of 


Primary Malignancy 
Patients 


Carcinoma of ovary 10 6 
Carcinoma of colon 3 2 
Carcinoma of stomach 2 2 
Lymphosarcoma I I 
Unknown I I 

Total 12 


and further palliation achieved for another 
three months. The third person with a 
pleural effusion due to carcinoma of the 
lung required no further tapping following 
single treatment with 75 millicuries of 
radiogold. Among the 11 unimproved, 7 
died within one month. Two of them ex- 
pired a few days following the treatment, 
and this was probably due to their terminal 
condition. In retrospect, they were ill- 
chosen as fit for treatment and it would 
have been better if no treatment had been 
given. Four lived one to six months but no 
palliation was achieved. 

Of the 17 patients treated with the in- 
traperitoneal gold, 9 showed no improve- 
ment; 8 showed slight to marked improve- 
ment. Among the g unimproved, ¢ died 
within one month following the treatment 
due to the terminal state of the disease; 4 
died between one and six months. Among 
the 8 improved, 1 case of ovarian carcino- 
matosis with ascites which received 2 treat- 
ments with a total dose of 200 millicuries 
survives two and one-half years now with 
no apparent ill-effect from the radiogold. A 
case of lymphosarcoma with ascites sur- 
vives three years without reaccumulation 
of the fluid. His clinical abstract follows: 


REPORT OF A CASE 


A twenty-nine year old married white man 
entered the Veterans Administration Hospital, 
Newington, Connecticut, in January, 1952, 
because of epigastric discomfort, increasing 
abdominal distention and marked weakness of 
two weeks’ duration. Examination disclosed a 


EFFUSIONS TREATED WITH 


No. Survived 
Over I Mo. 
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No. with 


No. Survived 
Palliation 


No. Survived 


over 6 Mo. over 1 Yr. 
Achieved 

4 I 
I I 
I 
I I I 
fe) 


distended abdomen with ascites. A hard, irregu- 
lar, slightly tender mass about 4 by § inches in 
size was felt in the mid-epigastrium extending 
to the left side. The right inguinal lymph nodes 
were enlarged. A Blumer’s shelf was felt in the 
anterior rectum. An exploratory laparotomy 
revealed a large amount of chylous ascitic fluid, 
numerous grape-sized implants and a_ large 
nodular retroperitoneal mass extending from 
the upper retroperitoneal space to the left 
lower pelvis. The liver was slightly enlarged. 
Biopsies of the implants and the main retro- 
peritoneal mass were reported as lymphosar- 
coma. Because of rapid reaccumulation of large 
amounts of chylous ascites (4 paracenteses 
in 19 postoperative days) he was transferred to 
the New Haven Hospital for radiogold therapy. 
On March 6, 1962, 100 millicuries of radioactive 
colloidal gold were given intraperitoneally. The 
ascites reaccumulated rapidly on the third day, 
but stabilized on the sixth day, and began to 
subside on the twelfth day following the treat- 
ment. The patient recovered rapidly and no 
paracentesis has been required since. On De- 
cember, 19§2, 
Haven Hospital for a course of deep roentgen 
therapy for the recurrent epigastric mass and 


the patient returned to New 


the retrosternal infiltration. A tumor dose of 


1,500 r was given to each, and subsequently he 
received 1,000 r tumor dose to the right buttock 
in April, 1954, 1,800 r tumor dose to the right 
cervical lymph nodes and 1,20 
the left inguinal lymph nodes in June, 1954 
and 1,200 r tumor dose to the right inguinal 


r tumor dose to 


lymph nodes in October, 1954. All the latter 
treatments were given at the Veterans Adminis- 
tration Hospital. At present the patient is in 
excellent general condition. Serial hemograms 
were done before and following the radiogold 
treatment (Fig. 1) and revealed a rather persist- 
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hic. 1. Lymphosarcoma with ascites treated with radioactive colloidal gold. Hemograms 
during three vears following the treatments. 


ent mild leukopenia throughout the period. 
This is attributed to the combined effects from 
the radiogold therapy and subsequent irradia- 
tion. There was a slight eosinophilia observed. 
The hematocrit, platelet 
counts were less affected. Repeated liver func- 
tion tests following the treatment revealed no 


hemoglobin 


evidence of impairment of liver functions ex- 
cept for a slight elevation of serum alkaline 
phosphatase. At present the liver is not pal- 
pable. A liver biopsy (Fig. 2) done December, 
1954, rev ealed no evidence of fibrosis, necrosis 
or other parenchymal damage. A few minute 
retrothelial aggregates were noted and _ inter- 
preted as a nonspecific focal reaction with no 
clinical significance attached. While the patient 
experienced no decrease of libido, his repeated 
sperm count demonstrated complete azoosper- 
mia. Both testes are small by palpation. A 
recent testicular biopsy (Fig. 3) revealed a pic- 
ture of aspermatogenesis without evidence of 
regeneration of the spermatogonia. The patient 
had had 2 children before the onset of present 
illness. 


DISCUSSION 

The use of irradiation is not a new con- 
cept in the treatment of malignant ef u- 
sions. External roentgen therapy has long 


ic. 2. Photomicrograph of a liver needle biopsy of 
the same patient shown in Figure 1, demon- 
strating an essentially normal liver tissue with a 
few minute retothelial aggregates (425). 
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Fic. 3. Photomicrograph of a testicular biopsy of 
demon- 


the same patient shown in Figure 1, 
strating no evidence of spermatogenesis in the 


seminiferous tubules (170). 


been employed with some degree of success. 
Levitt and Scott™ have described an ex- 
ternal roentgen bath technique for treat- 
ment of large effusions due to extensive 
deposits of lymphoma on the surfaces of the 
serosal cavities with a uniform dosage of 
approximately 2,000 r to whole section of 
the body. However, he cautioned about 
marked hematopoietic depression and radi- 
ation sickness which frequently follows the 
roentgen bath technique. Sometimes he 
had to prolong the treatment course eight 
to ten weeks in order to minimize the 
untoward effects. For malignant effusions 
caused by diseases other than the lym- 
phoma group, the effective dose of the 
roentgen bath technique probably will be 
larger. Chamberlain and co-workers‘ have 
calculated the tissue dose in intraperi- 
toneal radiogold therapy in terms of 
millicurie injected per square centi- 
meters of serosal surface, using the basic 
formula of Marinelli, Quimby and Hine.” 
Assuming the total area of the average 
peritoneum to be centi- 
meters, the beta dose to the surface is 
3,000 equivalent roentgens per 100 milli- 
curies of colloidal gold. We have observed 
mild nausea and vomiting in only 8 of the 
40 cases. There has been no marked hema- 
topoietic depression nor any liver damage 
at the present treatment dose level. Bots- 
ford and co-workers* have reported 4 cases 
of bone marrow depression following ther- 


O 


30,000 square 


Chang, Janzen, Skorneck and Rosenbaum 


Marcu, 1957 


apy with radioactive colloidal gold, but 
their subsequent communication® did not 
advocate a reduction of the present ac- 
cepted therapeutic dose level. 

The mechanism of the therapeutic action 
of the radiogold is not completely under- 
stood. It is probably multiple in nature. 
Andrews, Root and Kniseley? have sum- 
marized the following possibilities: (1) The 
radiogold may produce superficial radiation 
damage and resultant fibrosis of the tumor 
surface projecting into the cavity (Kniseley 
and Andrews"). (2) An inflammatory re- 
sponse resulting in obliteration of the 
serous cavity might account for the cessa- 
tion of fluid collection. (3) A. selective 
tumoricidal effect on the free cells in effu- 
sions (Goldie and Hahn’). (4) The radio- 
gold carried to the lymph nodes in the re- 
gion of the cavities may control neoplasm 
there and relieve lymphatic obstruction. 
Our illustrated case with chylous ascites in- 
dicates a lymphatic obstruction at the level 
of the lower thoracic duct. Evidently a 
small portion of the colloidal gold had been 
transported to the enlarged regional lymph 
nodes, and the lymph nodes happened to 
be so radiosensitive that regression took 
place. The regression of the omental mass 
and the large retroperitoneal tumor in our 
case cannot be attributed solely to the ef- 
fect of beta particles, as the maximum 
penetration of the beta radiation from the 
radiogold 1s 3.8 mm. in water. Recently 
Walton and Sinclair*! have calculated that 
the total gamma-ray dose during the decay 
of 100 me of radiogold is 688 r at the center 
of a sphere of 10 cm. radius. The value at 
the surface of this sphere is about 344 rf. 
This amount of radiation can produce a 
considerable effect on radiosensitive  tu- 
mors, but is not likely to be the sole agent 
responsible for the regression of omental 
and retroperitoneal masses. We_ believe 
that both gamma and beta radiations have 
played an important role in producing re- 
gression of the tumor masses in this particu- 
lar case. 

As a coincidental finding, we have ob- 
served a complete azoospermia and asper- 
matogenesis in our illustrated case. Our 
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animal tracer and radioautographic studies 
show that no significant amount of radio- 
active colloidal gold particles is deposited 
in the testicular tissue. We have estimated 
the gamma ray dose received by the testes 
following the injection of 100 millicuries 
radioactive colloidal gold into the _peri- 
toneal cavity. The value is about 60 r 
assuming the radius of the sphere to be 20 
cm., an average distance between the center 
of the peritoneal cavity and the scrotum. 
This value has been checked by measure- 
ments in patients using a Victoreen pocket 
dosimeter; on the scrotum they average 
sso mr/hr. taken one hour after 100 mil- 
licuries of radiogold was administered. A 
gamma ray dose in the range of 60 r is not 
likely to cause sterility in males. Therefore, 
aspermatogenesis in this patient must have 
been due to an additive effect of the scat- 
tered radiations from the subsequent roent- 
gen therapy given to the bilateral inguinal 
lymph nodes. Eschenbrenner and Miller’ 
had reported that recovery from steriliza- 
tion following a total dose of 1,700 r (8.8 
r/day) occurred in male mice three to four 
months after removal from the radiation 
source. Four months have elapsed since 
our patient’s last roentgen therapy to the 
groin. No evidence of recovery has yet been 
observed. 
SUMMARY 

1. Radioactive colloidal gold has been 
used in the treatment of 40 cases with 
malignant effusions. 
were treated for pleural effusions and 17 


Twenty-three cases 


for ascites. Beneficial results were obtained 
in half of the patients. Twelve patients in 
terminal condition died within one month. 
Treatment early in the course of malignant 
effusions is preferable. 

2. One case of lymphosarcoma has sur- 
vived three years and is reported in detail. 
No well defined evidence of liver damage or 
severe hematopoietic depression was ob- 
served during the three years following 
intraperitoneal injection of 100 
of radioactive colloidal gold. 

3. Effusions due to lymphoma and 
carcinoma of the breast appeared to be the 


millicuries 
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most responsive to radioactive colloidal 
gold therapy in our series. Some advantages 
of this form of treatment over the conven- 
tional wide field roentgen therapy in the 
management of malignant effusions are 
discussed. 

4. It is believed that the presently used 
therapeutic dose level of 50-150 millicuries 
is safe and well tolerated by the patients 
and that the treatment is a valuable ad- 


junct to other palliative methods provided 


it is not given at an apparently hopeless 
terminal stage. 


ADDENDUM 

The above reported case is now surviv- 
ing § years and is in good general condition. 
He continues to hold a full time job as a 
clerk. His recent sperm count is 7§ million/ 
cc. His wife is presently 5 months preg- 
nant. His blood hemoglobin is 13 gm. and 
leukocyte count is about 4000/cu. mm. His 


liver function tests are within normal limits. 


Department of Radiology 

Yale University School of Medicine 
Howard Avenue 

New Haven 4, Connecticut 
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EXPERIMENTAL AND CLINICAL STUDIES 
IN RADIOCARDIOGRAPHY* 


By ARTHUR ZACKS, M.D.# 


CINCINNATI, OHIO 


ADIOCARDIOGRAPHY is the graph- 

ic recording of variations in the flow 
of blood through the heart and lungs ob- 
tained by use of a small quantity of radio- 
active tracer substance injected intra- 
venously. The technique was described 
originally by Prinzmetal, ef a/.,!°" in 1948 
and 1949. A diphasic curve was obtained 
by recording continuously on a moving 
graph the impulses from a shielded radi- 
ation detector placed in front of the pre- 
cordium. 

The first peak on the curve was inter- 
preted to represent presence of the bulk of 
injected substance in the right heart and 
was called the “R-wave.” This peak was 
followed by a valley, called the ““T-zone,” 
representing the transition period during 
which the bulk of the material was in the 
pulmonary circulation. The second peak 
followed the valley and was called the “L- 
wave” because it recorded appearance of 
the tracer in the left heart. Significantly 
different tracings were obtained from nor- 
mal controls, patients with left heart dila- 
tation, aortic insufficiency, cor pulmonale, 
concentric myocardial hypertrophy, con- 
gestive failure and thyrotoxicosis. 

Waser and Hunzinger™ reported results 
similar to those of Prinzmetal, ef a/., in a 
series of 600 cases examined. Shipley, ef 
al,’ materially contributed to the func- 
tional aspect of radiocardiography. Inter- 
esting results were obtained by Luisada, 
et al.’ who used a recording apparatus 
which plots logarithmic intensity versus 
time. Recordings were reported on children 
with congenital heart disease by Goldring, 
et al.® 

In the present study experimental and 
clinical observations are reported and an 
attempt is made to evaluate the effects of 


physical factors on the pattern of radio- 
cardiographic recordings. An apparatus is 
utilized which is similar to that employed 
by Newman, et a/.,° who wished to repre- 
sent the heart and lungs experimentally in 
order to duplicate and analyze the dye 
dilution curve obtained in vivo for calcula- 
tion of cardiac output and central volume. 
Selected radiocardiograms are described 
which are obtained from a series of 110 ex- 
aminations. 


METHOD 


In order to evaluate the influence of 
chamber-volume and minute-output, three 
bottles of various volumes representing the 
cardiac and pulmonary circulation are con- 
nected in series by flexible tubing to a water 
faucet; the minute-output is determined 
and regulated (Fig. 1). A small volume of 
radioactive iodine, I", colored by several 
drops of dark blue dye, is injected into the 
system and its passage through the three 
chambers observed visually and recorded 
automatically on a moving graph con- 
nected to a scintillation counter and rate 
meter. 

(a) The first chamber, bottle R, has a 
capacity of 100 ml., represents the com- 
bined volume of the right heart, and is con- 
nected to a faucet and to bottle P. The lat- 
ter chamber represents the volume of pul- 
monary blood; its capacity is varied so that 
the volume is either 100 ml. or S00 ml. 
Krom bottle P the fluid flows into bottle L 
which represnts the combined volume of 
the left heart and has a capacity of 100 ml. 
The output is regulated to 5,000 ml. per 
minute to approximate a normal cardiac 
output. 

A scintillation counter with a sodium 
iodide, thalltum activated crystal is con- 
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SCINTILLATIO CQUNTER 


1 


kic. 1. Three-chamber experimental system in 


which bottle R represents combined volume of 


the right heart, bottle P the pulmonary circula- 
tion, and bottle L the combined volume of the 
left heart. Water from a faucet flows into the 
system through bottle R and the output from 
bottle L is determined and regulated. Radioactive 
iodine is injected into the tube filling bottle R. 


The scintillation counter is placed in front of 


bottles R and L while bottle P is shielded from 

the counter by a lead brick. 
nected to the rate meter and Fsterline- 
Angus revolving graph and is placed ic 
cm. directly in front of the adjacent walls 
of bottles R and L. Bottle P, the chamber 
representing the lungs, is shielded from the 
counter by means of a lead brick which 
absorbs gamma radiation. The chart speed 
of the graph is set at 12 inches per minute 


(0.5 cm. per second). The time constant of 


the rate meter (half-period of response) is 
set at 0.5 seconds and the full-scale deflec- 
tion at 25,000 counts per minute. 

Ten microcuries of I! contained in a 
volume of 1 ml. is injected rapidly into the 
tube filling bottle R and the radiation from 
the tracer material is recorded on the mov- 
ing graph as the iodine passes through 
bottles R and L (Fig. 3 and 4). 

(b) Bottle L is given a volume of 500 ml. 
and bottles R and P too ml. each. The out- 
put is maintained at 5,000 ml. per minute. 


Arthur 


Zacks Marcu, 1959 
Injection and recording are again _per- 
formed (Fig. 7). 

(c) The volumes of bottles R, P, and L 
are changed to 500 ml. each and the output 
of this system is changed to 6,900 ml. per 
minute. Injection and recording are carried 
out as in (a) (Fig. 8). 

(d) The minute-output of system (c) is 
reduced to 3,000 ml. and a recording is 
again obtained after injection (Fig. g). 

(e) The volume of each chamber is again 
100 ml. and the output 5,000 ml. per minute 
as in (a). However, the position of the scin- 
tillation counter is altered so that the 
counter is centered over bottle L. at a dis- 
tance of 10 cm. (Fig. $). 

TECHNIQUE 

The scintillation counter is shielded by a 
narrow-angle lead collimator as shown in 
Fig. 2B in order to reduce to a minimum 
the recording of radiation as the iodine 
passes through the pulmonary circulation, 
The recordable radiation resulting from use 
of the shield is illustrated in Fig. 2.4 which 
shows the marked reduction of recorded 
counts per minute when an_ extended 
source 1s moved to either side of the axis of 
the counter. 

At a distance of 10 cm. from the skin 
(shield-to-skin distance) the counter 1s 
centered at the left lateral sternal border 
in the fourth intercostal space. The rate 
meter and graph are connected to the 
counter and the time constant and chart 
speed set as in the experimental recordings. 
The full-scale deflection, however, 1s re- 
duced to 10,000 counts per minute because 
of reduction of recordable radiation pro- 
duced by the lead shield. 

While the subject’s arm is extended, ab- 
ducted, and elevated to an angle of 45 de- 
grees, 50-60 microcuries of radioactive 
iodinated albumin solution* contained in a 
volume of 0.5-1.0 ml. is rapidly injected 
into an antecubital vein by means of a § ml. 
syringe and No. 20 needle. Immediately 
after injection the patient’s arm is ele- 
vated to a vertical position with the elbow 


Obtained from Abbot Laboratories. 
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extended and without application of pres- 
sure over the site of injection. The graph 
is not switched on until completion of the 
injection (by a second individual) in order 
to indicate the time of injection. 

After the tracing is obtained the mid- 
points of the needle fluctuations are con- 
nected by a manually drawn line; this is 
usually necessary because of statistical 
fluctuation of the recorded radiation each 
second. 


RESULTS 


Experimental Observations. In the fol- 
lowing studies all tracings read from right 
to left. 

The colored iodine solution is visually 
observed to be mixed uniformly and in- 
stantaneously when it enters each cham- 
ber. 

A diphasic curve is recorded after injec- 
tion into the systems representing the nor- 
mal heart and lungs (system a) as shown in 
Figures 3 and 4. The first peak or R-wave 
is higher than the second, the L-wave; the 
latter is of longer duration than the R- 
wave. When the volume of fluid in bottle 
P representing the pulmonary blood is re- 
duced from 500 ml. to 100 ml., the resulting 
I-wave (lig. 3) is of higher amplitude and 
of shorter duration than is the L-wave pro- 
duced (lig. 4) when the volume of bottle 
P is soo ml. even though the minute-out- 
put of each system is identical, 5,000 ml. 

The L-wave is markedly prolonged even 
though the output is not reduced and the 
R-wave not lengthened in the system where 
bottle L. has a volume of 500 ml. and bottles 
R and P too ml. each (Fig. 7). 

When the volume of each chamber is soc 
ml., both the R and L-waves are markedly 
prolonged (Fig. 8) even though the minute- 
output is elevated to 6,000 ml. If the out- 
put of this system is reduced to 3,000 ml. 
per minute, greater prolongation of each 
wave results (lig. g) and each wave 1s less 
clearly defined. 

If the counter is placed directly over 
bottle L. instead of in the mid-line between 
bottles R and L, the resulting L-wave is 
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Fic. 2. (4) Response-curve of shielded scintillation 
counter showing marked reduction in recordable 
radiation when an extended source containing 
10 microcuries of I'*! in 250 ml. volume is moved to 
each side of the axis of the counter at a distance 
of 14 cm. from the crystal. (B) Design and di- 
mensions of lead shield and collimator which is 
attached to the scintillation counter in order to 
exclude radiation from the lungs during radio- 
cardiography. 


actually higher than the R-wave and the 
latter is reduced in intensity (Fig. 5). 
Radiocardiograms in Normal Controls 
(Fig. 6, 11, 12 and 13). The configuration 
of the R and L-waves resembles closely 
that of the tracings obtained experimental- 
ly where each of the three chambers has a 
volume of 100 ml. and somewhat less close- 
ly where, in the preparation, bottle P has 
a volume of 500 ml. There is considerable 
variation in the absolute and relative 
heights of each wave and in the depth of 
the T-zone. The actual quantity of in- 
jected iodine is observed to determine the 
amplitude of the R-wave. At the comple- 
tion of the L-wave an equilibrium level is 
reached which represents tracer radiation 
emitted by iodine which has been mixed 
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Kia. 
comprise: 


3-10. Continuous recordings of radiation from experimental systems illustrated in Figure 1. They 


3 and 4. Recordings obtained from systems representing the normal heart and lungs where bottles R and 


Ss 


6. 


R 


10. 


L have volumes of 100 ml. each, but volume of bottle P 1s either 100 ml. (3) or soo ml. (4). The minute 
output of each system is 5,000 ml. The T segment of the curves represents the period during which the 
bulk of I'*' is in bottle P. 

Recording obtained from same system as in 3, but the scintillation counter has been placed directly 
over bottle L instead of in the mid-line between bottles R and L. 

Radiocardiogram obtained on normal control. Total duration of cycle is 10.9 sec. compared to II sec. 
duration of cycle in 3. Note similarity of these two recordings. 

Volume of bottle L is 500 ml. Note the marked prolongation of the L-wave although the minute 
output of the system is maintained at 5, ml. 

Each of the three chambers has a volume of 500 ml. Note prolongation of both R and L-waves even 


though output of system has been elevated to 6,000 ml. per minute. 
Recording obtained on same system as in 8 but the minute-output is reduced to 3, m. Greater 


prolongation and less-clear definition of each wave is the result. 
Cor pulmonale. Radiocardiogram reveals marked prolongation of cycle even though the heart 1s not 
notably enlarged. 
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with blood throughout the body and has re- 
circulated through the heart. The tracings 
illustrated in Figures 6 and 11 are the most 
frequently observed forms of the normal 
radiocardiogram. The total duration of the 
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lar configurations are obtained, but be- 
cause in the present study the chart speed 
is relatively slower, the peaks are closer to- 
gether. 


REPORT OF CASES 


cvcle is usually less than 15-16 seconds. | 
Comparison with tracings reported by Cardiac Diseases 


Prinzmetal, e¢ a/.,"' shows essentially simi- Case 1. (Fig. 10) Cor pulmonale. Marked 


_ 
\ \ 


Fic. 11-18. Radiocardiograms in normal and disease. They comprise: 


11, 12 and 13. Normal controls. Note range of variation in relative height of L-wave and depth of T-zone. 
Each vertical division is 3.75 sec. 


4. Normal radiocardiogram obtained on patient with pericardial effusion; absence of tamponade and 
cardiac dilatation is indicated by normal duration and configuration. 

1. Normal radiocardiogram on patient with hypertension and left ventricular enlargement; cardiac hy- 

pertrophy rather than dilatation is indicated by normal duration and configuration. 

Arteriosclerotic heart disease with large left ventricle demonstrated on roentgenogram. Both R and 

.-waves are prolonged and the L-wave is very prominent. 

17. Proved mitral stenosis. Note marked prolongation of R-wave and prolonged L-wave. 

18. Proved mitral insufficiency. Note general similarity to recording in 17. 
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pulmonary emphysema and fibrosis seen roent- 
genographically, and the pulmonary arteries are 
extremely prominent; the heart is little, if any, 
enlarged. Entire radiocardiogram is prolonged 
and the L-wave is difficult to distinguish. 


CASE II. (Fig. 14) Pericardial effusion with- 
out tamponade. Roentgenograms reveal sudden 
enlargement of cardiopericardial shadow. Clin- 
ically, however, the diagnosis was equivocal 
because the electrocardiogram and heart sounds 
failed to indicate pericardial effusion. Radio- 
cardiographic tracing reveals normal duration 
and form of the cycle indicating that cardiac 
circulation is normal. Pericardial paracentesis 
proved effusion, and, after aspiration of 60 ml. 
of fluid, air was injected. Repeated chest roent- 
genograms show heart of normal size inside the 
air and fluid-filled pericardial sac. 


Case 1. (Fig. 15) Hypertensive myocardial 
hypertrophy. Obese young female with blood 
pressure 210/130. Left ventricle moderately en- 
larged roentgenographically. Radiocardiogram 
is normal, indicating normal cardiac circulation. 
(See discussion below of effects of cardiac dila- 
tation.) 


Case tv. (Fig. 16) Arteriosclerotic heart dis- 
ease, compensated. Roentgenograms show en- 


largement of left ventricle and calcification of 


aorta. Radiocardiogram reveals prolonged R- 
wave and elevated, prolonged L-wave. Ab- 
normal circulation through both the right and 
left heart is thus indicated. 

Case v. (Fig. 17) Mitral stenosis proved at 
surgery. Radiocardiogram obtained prior to 
commissurotomy reveals prolonged R-wave, 
well-defined and prominent although not ex- 
tremely elevated L-wave which is markedly 


prolonged. Patients with rheumatic disease of 


the mitral valve appear to have distinctive con- 
figurations as characterized in this case al 
though stenosis and insufficiency are indistin 
guishable radiocardiographically. 


Case vi. (Fig. 18) Proved mitral insufh- 
ciency. Chest roentgenograms show enlarge- 
ment of left atrium with equivocal enlargement 
of left ventricle. During surgery predominant 
insufficiency was demonstrated. Radiocardio- 
graphic tracing is similar to that in Figure 17 
(Case V, who had proved mitral stenosis). 

Case vit. (Fig. 19) Two years after commis- 
surotomy for mitral stenosis. Patient is sub 
jectively and objectively much improved com 


» 1987 


pared to preoperative status. However, radio- 
cardiogram indicates prolongation of a promi- 
nent L-wave and an R-wave which 1s prolonged 


1 
also. 


Case vil. (Fig. 20) Aortic insufficiency and 
mitral stenosis. The characteristic murmurs are 
observed and chest roentgenograms indicate 
enlargement of left atrium and left ventricle, 
The radiocardiogram reveals prolongation of 
both R and L-waves and elevation of the L- 
wave above the level of the R-wave. 


Case 1x. (Fig. 21) Aortic stenosis. Charac- 
teristic Murmur of aortic stenosis is audible 
without evidence of other valvular disease. 
Left ventricle is enlarged. Radiocardiogram re- 
veals a normal R-wave but the L-wave is very 
prominent and slightly prolonged. 


Case x. (Fig. 22) Rheumatic heart disease, 
decompensated. Chest roentgenograms indi- 
cate enormous enlargement of all cardiac cham- 
bers. Extreme prolongation of well-defined R 
and L-waves is observed radiocardiograph- 
ically. 


Case x1. (Fig. 23) Partial obstruction of su- 
perior vena cava by metastatic neoplasm. 
Clinical signs of venous obstruction are ob- 
served. Delayed entrance of tracer and blood 
into the right heart 1s indicated by prolongation 
of the ascending limb of the R-wave on the ra- 
diocardiogram. 


Case xu. (Fig. 24) Cor triloculare and ab- 
sent spleen syndrome. Patient is thirty-five 
vears of age and has been cyanotic since birth. 
Angiocardiogram reveals probable transposi- 
tion of atria, a single ventricle and a right-sided 
aorta. The patient is in chronic congestive 
failure with peripheral edema. Radiocardio- 
gram reveals prolongation of entire cycle but 
exact interpretation is not established. 


Case xin. (Fig. 25) Pulmonary edema. The 
heart is markedly enlarged and the patient 1s 
acutely decompensated. Death followed one 
week after the radiocardiogram was obtained 
(no autopsy). The L-wave is poorly defined 
and the entire tracing is extremely prolonged. 
(Note similarity to Figure 9.) 


DISCUSSION 


The experimental observations of the 
effects upon configuration of the tracings 
produced by varying the volumes of the 
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Fic. 19-26. Radiocardiograms in disease 


(continued): 


19. Two years after commissurotomy for mitral stenosis. The R and L-waves are prolonged. 


the level of the prolonged R-wave. 


20. Aortic insuticiency and mitral stenosis. Note characteristically marked elevation of L-wave above 


21. Aortic stenosis. R-wave of normal duration but L-wave is prolonged and elevated. 
22. Decompensated rheumatic heart disease with generalized cardiac dilatation. Note enormously long 


duration of the cycle (43.5 sec.). 


23. Obstruction of superior vena cava. Note prolongation of ascending limb of R-wave. 


24. Cor triloculare. 


L-wave not clearly defined but entire cycle is prolonged. 


25. Acute pulmonary edema with marked cardiac dilatation. Note long duration of cycle (39-40 sec.) 


and similarity to experimental recording 1n 9. 


chambers while maintaining the minute- 
output might be correlated with observa- 
tions of differences in height and duration 
of the R and L-waves in both normal and 
abnormal radiocardiograms. In order to 
understand these differences it is appar- 
ent that chamber-volume per se should be 


considered a most important factor in in- 
terpretation of any radiocardiogram. In 
the work of Shipley, ef a/.,” the factors of 
cardiac volume and cardiac output in their 
relationship to radiocardiography 
discussed and it was shown that cardiac 
output cannot be calculated directly from 


were 
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the tracing. These authors pointed out the 
importance of dilatation of the heart. 

The subject of dilatation of the heart 
has been studied by Gernandt and Nylin? 
who reported statistical correlation be- 
tween prolonged decholin circulation time, 
including first and last taste, and increased 
residual blood in the heart (heart volume) 
after systole. Even normally, as shown by 
Friedman,’ there is residual blood in the 
cardiac chambers after systole, and be- 
cause the tracer is mixed with the residual 
blood more than one systole is required to 
expell the iodine from each chamber. When 
residual blood after systole is increased 
pathologically, the volume of blood serv- 
ing to dilute the iodine is increased and the 
portion of the radiocardiogram which re- 
cords passage of blood through the diseased 
chamber is prolonged. 

The effect of dilution is observed in Fig- 
ures 3 and 4 where the recordings are made 
on systems in which the minute-output and 
volumes of bottles R and L are identical 
in each system, but the volume of bottle 
P is changed. One notes that in each case 
fluid entering bottle P has the same dilu- 
tion of tracer leaving bottle R and that 
therefore the differences in amplitude and 
duration of the L-waves must be related to 
the different volumes of bottle P, 7.¢., 100 
ml. in Figure 3 versus 500 ml. in Figure 4. 
Although the outflow of fluid from bottle 
Lis not varied per unit time, there is in 


each case a difference in the quantity of 


tracer in each ml. of fluid escaping from 
bottle P into bottle L. The increased dura- 
tion of the L-wave when the minute-output 
is not reduced 1s then related to the prin- 
ciple that it takes a longer time to empty a 
large chamber of all the diluted tracer 
than it takes to empty a smaller chamber 
of a more concentrated tracer. In Figures 
7 and 8 prolongation of part or all of the 
cycle is again an expression of the reduced 
content of tracer in each milliliter of flowing 
fluid. 

However, a multitude of factors seems 
to influence the shape of the L-wave. Por- 
tions of the tracer solution leave the heart 
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throughout most of the recording, and, 
when the peak of the L-wave is recorded, 
less iodine is present in the heart than at 
the summit of the preceding R-wave, 
Furthermore, the tracer is diluted to a 
greater degree after leaving the right heart 
when it enters the volume of blood in the 
lungs which exceeds the cardiac blood vol- 
ume.' Therefore, both escape and dilution 
of iodine serves to depress the amplitude 
of the L-wave below that of the R-wave. 
Portions of the injected material may re- 
circulate through the heart before comple- 
tion of the L-wave, since Sutton, et a/.,8 
have shown that 7-9 seconds after injec- 
tion of a tracer solution through a catheter 
into the pulmonary artery the material ap- 
pears in the right ventricle. In addition 
shielding and collimation of the crystals are 
not necessarily completely effective in 
eliminating radiation from the major pul- 
monary vessels, the descending aorta, and 
the Jungs; a narrow heart such as is seen 
frequently on chest roentgenograms taken 
during very deep inspiration could con- 
ceivably expose more of the pulmonary 
vasculature to the radiation detector. 

Variable dilution occurring in the lungs 
results in variation in height and duration 
of the L-wave in normal and abnormal ra- 
diocardiograms. 

If the cardiac chambers are not 1n excess 
of the normal volume, then the pattern of 
the tracing will be normal, providing the 
state of the pulmonary vasculature 1s 
normal. In Cases 1 and 11 where the am- 
plitude and duration of the waves are nor- 
mal (Fig. 14 and 15) the dilution of 1odine 
in the cardiac chambers does not exceed 
the normal. Hence, the enlarged cardio- 
pericardial shadows in the roentgenograms 
of these patients cannot be caused by 
cardiac dilatation. When the pulmonary 
vasculature is diseased, however, as in 
Cases 1 and v with cor pulmonale and ad- 


vanced rheumatic heart disease, respec- 
tively, ineficient emptying of the right 
heart results in prolongation of the R-wave 
(Fig. 10 and 17). In Case 1 the heart seems 
little, if at all, enlarged on chest roent- 
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genograms, yet the radiocardiogram is 
markedly prolonged. This patient, there- 
fore, probably has the low-output variety 
of cor pulmonale. The patient with proved 
mitral stenosis has no enlargement of the 
left ventricle although the left atrium is 
dilated (Case v); a prolonged L-wave is 

17), 
the result of inefficient filling of the entire 
left heart in addition to excessive dilution 
of the iodine in the left atrium and right 
heart. 

As shown experimentally (Fig. 5), the 
L-wave 1S elevated if the counter 1s placed 
directly over the left chamber. When di- 
lated, the left chambers of the heart are 
displaced towards the left side of the thorax 
and theretore more directly in front of the 
radiation detector, resulting in more efh- 
cient recording of radiation from the di- 
lated chambers and producing clevation of 
the L-wave. Normally the left heart is pre- 
dominantly posterior to the right heart. 
In addition excessive retention of the tracer 


present in her radiocardiogram (Fig. 


caused by valvular stenosis or insufficiency 
might contribute to elevation of the L- 
wave, especially in cases with aortic in- 
sufficiency where the L Wave IS observed, 
in this study and in the work of Prinz- 
metal and Waser, to be elevated above the 
level of the R-wave characteristically. 
Narrow-angle collimation and shielding 
of the scintillation crystal are of elemental 
importance for it is their function to reduce 
radiation addition from the lungs and in- 
crease the depth of the T-zone or valley, 
thus providing good definition of the R and 
L-waves. Where narrow-angle collimation 
is not employed as in the work of Goldring, 
et al.,° distinction between the two portions 
of the radiocardiogram might be com- 
pletely eliminated and a single peak of long 
duration obtained which represents filling 
of both the right and left sides of the heart. 
A third peak of low amplitude is fre- 
quently the 
(Fig. represents 
circulation of iodine as yet incompletely 
mixed. MacInty re, have resorted de- 
lay in complete mixing of tracer in the 


observed to follow L-wave 


11). This possibly re- 
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sol 
capillary beds peripherally and this might 
account for delayed complete mixing of the 
injected iodine with the entire volume of 
circulating blood. 

The injection must be made very rapid- 
ly and a small volume injected in order to 
obtain clearly distinctive R and L-waves. 


SUMMARY 


Experimental reproduction of the radio- 
cardiographic pattern is reported and the 
observations made are applied to interpre- 
tation of normal and abnormal radiocardio- 
grams. 

Increased chamber volume is shown to 
prolong the continuous tracer recording 
even though the minute-output of fluid is 
not reduced. Besides dilution of the tracer 
by increased volumes of fluid in the cardiac 
chambers, other factors such as inefficient 
expulsion of blood from the left heart be- 
cause of valvular disease and position of the 
left heart relative to the radiation detector 
should be considered in determining the 
pattern of the radiocardiogram. 

The importance of narrow-angle collima- 
tion of the scintillation counter is discussed. 

Differentiation between pericardial ef- 
fusion or hypertensive hypertrophy and 
cardiac dilatation is possible on the basis 
of the normal radiocardiogram obtained. 
Patterns obtained in cases of rheumatic 
and other cardiac diseases are described. 
Department of Radiology 
The Jewish Hospital 
Cincinnati 29, Ohio 
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ON THE RETENTION AND TRANSLOCATION OF 


Ra? 


By MARVIN A. VAN DILLA, Px.D., 


HE study of chronic radium poisoning 

in humans is complicated by the pres- 
ence of mesothorium (Ras) and _ radio- 
thorium (Th*5) in many The work 
reported here deals with the metabolic be- 
havior of Th?’ and its radioactive daughter 
product thorium X (Ra**') 

In evaluating the toxicity of internally 
deposited radioactive materials it is impor- 
tant to know how much energy is delivered 
to the organism and which tissues are being 
irradiated. The latter problem can be quite 
complicated even for simple disintegration 
schemes when the radioactive material is 
concentrated in a small volume of tissue, 
, in bone.* 
siderably more complicated when the par- 
ent isotope gives rise to a series of radio- 


Cases. 


These problems are con- 


active daughters such as in the uranium, 
thorium, and actinium One must 
then know the effective half-life of the par- 
ent material as well as that of each subse- 
quent daughter in order to determine the 
total delivered to the 
Failure to recognize a substantial loss of a 
daughter product early in a decay 
(such as radon in the radium series) leads 
to overestimation of total irradiation of the 
organism. When determining the 
delivered to individual tissues, it is impor- 
tant to know whether 
daughter products is the same or different 
from that of the parent isotope. The pos- 
sibility exists that a daughter product could 
escape from the deposit of parent material 
and be deposited elsewhere in the body. 
Such a movement of a daughter product 
from the site to a different 
anatomic termed “‘transloca- 
tion” hereafter in this communication. 

The metabolism of Ra22* (Th X), the first 
daughter product formed from Th”® fixed 


series. 


energy organism. 


series 


dosage 


ot formation 


location 1S 


(Th X) 
BETSY J. 
Radiobiology Laboratory, College of Medicine, 


SALT LAKE CITY, 


the distribution of 


STOVER, 


IN DOGS 


Pu.D., and JAMES S. ARNOLD, M.D. 
University of Utah 


UTAH 


in the skeletons of adult beagles, was stud- 
ied in three ways. First, y-counting was 
done on the dogs while alive and also after 
death. Second, relative amounts of — 
and daughter products were measured 1 
different anatomic regions of a i 
(humerus) taken from a sacrificed dog. 
Third, the distribution of daughter prod- 
ucts relative to the parent Th”5 was ex- 
amined on a histologic scale by autoradi- 
ography. 

Fight beagles served as experimental 
subjects. Their ages at injection were close 
to fourteen months. Roentgen examina- 
tion indicated that their skeletons were 
mature. The criterion for skeletal matu- 
rity is that all epiphyses are closed. The 
Th®s, in radioactive equi- 
librium with its daughters, by intravenous 
injection. The injection solution consisted 
of the carrier-free radioisotopes in a citric 
citrate buffer solution 
pH —3.5 and a total citrate concentration 
of 0.24 meq/ml. 


dogs received 


acid-sodium of 
The injection volume was 
approximately 10 ml. The injected amount 
was measured by delivering into a volu- 
metric flask a volume of the injection solu- 
tion equal to that injected into the dog. 
In this process the syringe is first emptied 
into the volumetric flask, and then the dog 
is injected, using the same syringe and 
The amounts of Th injected 
ranged between 0.15 and 48 microcuries. 
One dog (T1Ts) died 23 days after injec- 
tion, and one (T21Ts) was sacrificed 
days after injection. The other dogs ap- 
peared normal six months after injection 
(July, 1954). 


needle. 


Our first information on the relative re- 
tention in beagles of Th’ and its daughter 
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S-RAY ACTIVITY OF BEAGLES FOLLOWING inJeCTION 


(NORMALIZED TO AT [{=0) 
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10 
DAYS PAST INJECTION 


Fic. 1. Gamma-ray activity of beagles 
following injection. 


products was obtained from T1Ts. This 
dog was assayed for y-emitting daughter 
products (mainly Tl°°s) one hour after in- 
jection and at intervals thereafter until 
death 23 days later. The instrument used 
was K-g, a well-type liquid scintillation 
counter large enough to accommodate a 
beagle.* After death, the carcass was frozen 
and assays continued. In the 23-day period 
between injection and death, the dog’s 
y-ray activity decreased quickly to about 
50 per cent of its initial value and stayed at 
this level until death. After death the y-ray 
activity of the carcass slowly increased 
to a plateau value of 86 per cent of the ini- 
tial value during a period of about 20 days. 

Since thorium retention following intra- 
venous injection was expected to be 80-go 
per cent,’ the initial drop in y-activity sug- 
gested that Th”* daughter products were 
being excreted to a greater extent than the 
parent Th”*, This was confirmed by the in- 
crease of y-activity after death. The slow 
rise could only be due to growth of 3.6-day 
Ra™‘, the other Th®* daughter products 
having much shorter half-lives. By this 
time, of course, the originally in- 
jected had decayed to a negligible amount. 
The increase in y-activity after death in- 
dicated a Th*** retention of 86 per cent of 
the injected quantity. This confirmed our 
expectation of a high thorium retention. 


MARCH, 


The Ra®*/Th?*’ ratio at time of death was 
0.58. 

Measurements of the excretion of Th228 
during the 23-day period showed a total of 
11 per cent of the injected amount excreted 
(urine/fecal ratio=4). In addition, the 
result of a study of the distribution of Th228 
in the carcass of this dog gave a retention of 
83 per cent. These results check well with 
the K-g value (86 per cent). 

The above observation that the ratio of 
Ra** content of the dog to Th*** content 
was less than unity was subsequently con- 
firmed by experiments with a group of 7 
beagles injected with equilibrium amounts 
of Ths and its daughters ranging from 0.15 
to 26 microcuries. The y-activity of these 
dogs was measured to 110 days after injec- 
tion, with the exception of one dog (T2Ts) 
which was sacrificed 77 days after injection. 
The results are plotted in Figure 1; the 
ordinate represents the ratio of dog count- 
ing rate (corrected for self-absorption) to 
injection standard counting rate in the 
large liquid scintillator. Note the similarity 
between these data and the previous data 
on a single beagle. Included in Figure 1 are 
two theoretical curves calculated in the 
following way. We assume that the injected 
Th? and Ra*! are retained in the dogs as 
previously determined at this laboratory," 
and that the Ra*** is in radioactive equilib- 
rium with its daughters. However, we as- 
sume in the upper curve that the Ra” 
formed from the decay of Th inside the 
dogs is in radioactive equilibrium with its 
parent. In the lower curve we assume that 
this ‘“grown-in” reaches the circula- 
tion within a period of time short compared 
with its half-life and then behaves as intra- 
venously injected radium. From the experi- 
mental data we see that the second assump- 
tion is more reasonable (provided that the 
Ra*** and its daughters are actually in ra- 
dioactive equilibrium). That this latter 
condition was approximately true was 
demonstrated by the sacrifice of one 
(T2Ts) of the 7 beagles. Following sacrifice, 
the y-activity of the carcass increased 
slowly from 0.61 to 0.80; the rate of in- 
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TABLE I 


ZONAL CONCENTRATIONS OF Th?’3 ano Ra”! IN THE HUMERUS OF AN ADULT BEAGLE 


Section 
Anatomic Description 


No. 
Proximal epiphysis 
2. Proximal epiphyseal line 
3. Proximal metaphysis 
4 Proximal diaphysis 
5s Mid diaphysis 
6 Distal diaphysis and metaphysis 
Distal epiphyseal line 
8 Distal epiphysis and articular surfaces 
Whole bone 
* The concentrations of both Th?> and Ra are expressed in an 


section No ‘. 


crease was about what one would expect 
from a build-up in the carcass of Ra®* and 
its daughters in equilibrium. Thus we have 
evidence that while Th** is bound tightly 
in the skeleton, its daughter Ra**! enters the 
circulation and is then retained as radium 
injected intravenously. 


I\ 


In order to obtain more detailed infor- 
mation on the Ra*!, Th®’ ratios in various 
parts of a single bone, a humerus was taken 
from T2Ts just after sacrifice and cut into 
the eight sections shown in igure 2 and 
described in Table 1. The y-ray activity of 
each of these sections was measured as a 
function of time after sacrifice. The instru- 
ment used was a scintillation counter with 
a 2-liter, well-type liquid scintillator as the 
detector.* The well-type construction made 
the counting rate of the bone sections al- 
most independent of geometry. The great 
value of the geometry -tree y-measurement 
for biologic materials is that the samples 
can be measured without ashing and chem- 
ical separation. This feature not only 
eliminates the possibility of changing the 
relative amounts of the various isotopes in 
the samples, 7.e., evolution of Em”° (Tn), 


* The liquid scintillator was toluene containing 4 grams /liter of 
diphenyloxazole (PPO) and 1 grams /liter of 2-(1-naphthy] 
phenyl-oxazole (aNPO). A ¢-inch Dumont 6364 photomultiplier 
viewed the light flashes and fed a conventional pulse amplifier and 


scaler, 


Th*®*/g. bone ash* Ra”™4/g. bone ash* 


8.02 7.50 2.93 
10.00 9.26 0.92 
4 Pata’ 4.24 
1.41 1.11 0.79 
1.00 >. 88 o.88 
1.32 1.19 0.90 
2.72 3.54 1.30 
2.19 3.00 1.37 
0.95 
arbitrary activity unit chosen so that Th?*8/g. bone ash= 1.00 in 


but also makes it possible to begin meas- 
urements very soon after sacrifice. In this 
experiment the sections of bone were meas- 
ured over a period of three weeks to deter- 
mine the relative amounts of Th®® and 
Ra?** in each section. The samples were 
then ashed to determine ashed weight. The 
absolute measurement of Th’ with respect 
to the injection standard was made by dis- 
solving the ashed bone sections, sealing 
aliquots of the solutions in ampules, and 
comparing them with aliquots of the injec- 
tion standard of the same volume sealed in 
the same size ampules. 

The results of the measurements of the 
zonal concentrations of and are 
summarized in Table 1. The total amount of 
Th”* in the humerus at 77 days was 2.69 
per cent of the injected amount, and the 
ashed weight of the bone was 9.567 g. (or 
3.34 per cent of the entire skeleton). 


lic. 2. Roentgenogram of humerus showing 


wo 


sectioning into eight pieces. 
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The K-g measurements on T2T5 showed 
that the Ra** content was less than the 
content, the ratio being 
0.61/0.80=0.76 at time of sacrifice. We 
see from Table 1 that for the humerus the 
ratio is 0.95, showing that the Ra*** in this 
bone is closer to radioactive equilibrium 
with its parent Th’ than is the case for the 
dog as a whole. 

These findings are consistent with the 
anatomy of the long bone (relatively large 


diaphysis) and the deposition pattern of 


radium and thorium in bone (see v below). 
In sections 1 through 6, the Ra®‘!/Th?* 
ratio is less than 1.00, showing that in these 
areas some of the Ra®*‘ escapes from its site 
of formation. In sections 7 and 8, Ra** was 
found in greater amounts than Th”; this 
can only be explained by translocation of 


M. A. Van Dilla, B. J. Stover and J. S. Arnold 


MARCH, 1967 


Ra2* formed in other areas. The findings 
are also consistent with the fact that there 
is active bone reconstruction in these areas 
in an animal of this age. 

We have also used autoradiographic 
techniques for determining whether Ra” 
escapes from the site of formation. The 
schem was based upon the prior knowl- 
edge that radium has a different deposition 
pattern in bone than thorium.® Radium is 
like calcium and is deposited diffusely 
throughout mature bone and concentrates 
in areas of bone growth. Thorium, on the 
other hand, is more like plutonium and de- 
posits on bone surfaces (endosteal, perios- 
teal, and about the central canals of 
haversian systems). The two types of dis- 


Fic. 3. Contact autoradiograph of a cross section through the proximal metaphysis of the 
humerus of T2Ts sacrificed 77 days following Th”* administration. 


% 
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FIG. 4: 


tribution are readily distinguished by de- 
tailed autoradiographic techniques. 

If Ra®** translocates, a radium-like pat- 
tern of a-ray tracks should be present in 
autoradiographs prepared during the first 
few days following However, 
since Ra! has a half-life of 3.6 days, this 
radium-like pattern of activity should be 
virtually absent in autoradiographs made 
a few weeks following sacrifice. If, on the 
other hand, Ra2* does not translocate, no 
radium-like pattern should be visible; early 


sacrifice. 


and late autoradiographs should be essen- 
tially identical. 

A single cross section from the proximal 
metaphysis of a humerus of T2Ts was 
ground to a thickness of 10-4 
ing a technique reported previously! which 
completely avoids contact of the specimen 
with water. Two contact autoradiographs 


microns us- 


Kirst exposure autoradiograph of area a of Figure 3. 


of the specimen were prepared by direct ap- 
position to the emulsion surface of nuclear 
track plates.* Both exposures were 8 days 
in duration. The first exposure was begun 
8 hours following sacrifice, and the second 
exposure was begun on the sixteenth day 
following sacrifice. Both exposures were 
made at approximately minus 15° C. in the 
presence of anhydrous CaSO,. Both auto- 
radiographs were developed at 18° C. in 
undiluted freshly mixed D-19 (Eastman 
Kodak) for 4 minutes. The tracks observed 
are almost wholly due to a-rays. 

Figure 3 shows the autoradiograph taken 
in the first 8-day period. It is apparent that 
the larger concentrations of radioactivity 
are found on the endosteal surface, perios- 
teal surface, and at discrete points in the 


* Eastman Kodak NTB plates with 10 micron thick emulsion 
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cortical bone. Figure 4 shows the first ex- 
posure of the area outlined at a in Figure 
3 (under magnification), and Figure 5 
shows the same area in the second expo- 


sure. Figure 6 shows a roentgenogram* of 


the same area of bone under the same mag- 
nification. There are two readily apparent 
differences in the intensity and distribution 
of radioactivity in the autoradiograph rep- 
resenting the exposure periods. It is noted 
that in the first exposure (Fig. 4) there is a 
substantial number of diffusely scattered 
tracks between the areas of more intense 
radioactivity. In the second exposure (Fig. 
5) there are essentially no diffusely scat 
tered tracks. These areas correspond to ma- 
ture cortical bone, as seen in the roentgeno- 

* A roentgenogram of the bone section taken with very soft 
roentgen rays and a fine-grain emulsion. Mr. Richard Miller, 


University of Utah, took this roentgenogram using a technique 
similar to that of Engstrém and Wegstedt.‘ 
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Second exposure autoradiograph of area a of Figure 3. 


gram of the corresponding area (Fig. 6). 
Thus it is seen that there is a relatively 
short-lived alpha emitting material de- 
posited in areas of mature bone. 

The diffusely scattered tracks in the first 
exposure frequently occur in sets of two, 
and occasionally three, alpha tracks arising 
from a single point close the bone surface. 
This indicates that the majority of the 
short-lived radioactivity deposited in ma- 
ture bone is Ra®** rather than Pb?!. 

The second difference is that the areas of 
high concentration of radioactivity (bone 
surfaces) show greater activity in the sec- 
cond exposure than in the first. This is what 
would be expected if the Ra®*/Th*** ratio 
existing at time of sacrifice were less than 
unity. 

Densitometric measurements were made 
of corresponding areas of high radioactiv- 
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Fic. 6. Roentgenogram of the area of bone producing the autoradiographs of Figures 4 and 5. 


ity in the autoradiographs of the two expo- 
sure periods. The data showed that densi- 
ties of individual hot areas in the second 
exposure had increased, on an average, 30 
per cent over those in the first exposure. 
The magnitude of this increase varied con- 
siderably for different local deposits, rang- 
ing from 15 to 65 per cent. Quantitative 


interpretation of these densities in terms of 


radioactivity is in progress. 
VI. SUMMARY AND CONCLUSIONS 
1. The retention of Th?’ daughters 
formed in vivo is shown to be less than the 
retention of by im y-ray meas- 
urements. 


2. The postmortem rate of increase of 


y-ray activity in the whole dog shows that 
Ra*** is the principal daughter excreted. 
3. The demonstration of greater than 


equilibrium amounts of Ra”! in various 
areas of bone proves that there is trans- 
location of Ra”! formed in vivo. 

4. Autoradiographic studies demonstrate 
that an appreciable fraction of in vivo 
formed Ra*** escapes from the Th” skeletal 
deposits and is redeposited like intraven- 
ously administered radium. 

s. The partial excretion of Ra‘ and 
other decay products formed from skele- 
tally fixed Th®* substantially reduces the 
total energy dissipated in the host. The par- 
tial translocation of retained Ra** results in 
a more uniform dissipation of energy in the 
skeleton. 

Dr. Marvin A. Van Dilla 
Radiobiology Laboratory 
University of Utah 
College of Medicine 

Salt Lake City, Utah 
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RADIUM CAPSULES AND THEIR 
ASSOCIATED HAZARDS* 


By ROBERT G. GALLAGHAR,} avd EUGENE L. SAENGER, M.D. 


CINCINNATI, OHIO 


NCAPSULATED radium sources are 

not immune to the various external 
and internal forces continually exerted up- 
on the radium containers. In the last three 
vears, sealed sources containing radium 
are known to the authors to have failed in 
six instances, each resulting in sizable ra- 
diologic contamination. The disruption of 
radium capsules or other encapsulated 
sources of a powdered radioactive ma- 
terial has caused serious health problems, 
financial losses, and damage to radiation 
sensitive equipment. Until recently there 
had not been sufficient experience with 
such accidents to develop the most eth- 
cient techniques for coping with them. 
After careful study and participation in 
several radium accidents of this sort, the 
have 


developed procedures to 


authors 
minimize the spread of unencapsulated 


Fic. 1. Photograph of the 50 millicurie radium cap 


sule, the failure of which created damages in excess 
ooo. A wooden match is shown in the 


of $265 


photograph for comparison. 
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radium and to facilitate any necessary de- 
contamination. By using proper proce- 
dures in such situations, the health of indi- 
viduals can be protected, and the cost to 
the institution can be reduced  signifi- 
cantly. 


DETECTION OF FAULTY SOURCE 

The discovery of unsealed radium cap- 
sules has occurred in various ways in the 
several accidents which have been studied. 
In one such occurrence, a fine white pow- 
der was seen emerging from the exhaust 
ports of an airlift calibration stand (Fig. 
1). In another, a routine inspection re- 
vealed that a radium capsule was broken 
(Fig 


into two sections (Fig. 2). In several other 


iG. 2. The dimensions of the broken radium capsule 
shown are compared with the head of a wooden 
match. This capsule contained 12.5 millicuries of 
radium. Its failure resulted in the contamination 
of the radiologic department of a large children’s 
hospital. 


nnati and the Children’s Hospital, 


nton, Massachusetts. 


f 
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similar accidents, the fault in the capsule 
was discovered only after a decrease in the 
radiation output of the source was noted. 
The transport of radium sources by means 
of compressed air is of particular impor- 
tance as a cause of radium accidents. This 
type of airlift is used most commonly for 
radiation instrument calibration. Four ac- 
cidents known to us have occurred in such 
systems in the United States within the 
past three years. 

The time factor following detection of a 
radium spill is critical. If the contaminated 
area is not immediately sealed, individuals 
and equipment can be contaminated ex- 
tensively, and the expenses of the cleanup 
greatly increased. In several such accidents, 
even after detection, radium was widely 
spread throughout buildings, sidewalks, 
streets, automobiles and homes.*:!! In one 
case, such tracking necessitated the de- 
contamination of a new automobile at a 
cost of over $600. In another accident, the 
trafic control plan was not followed, and 
several rooms became recontaminated and 
had to be cleaned three additional times 
(Fig. 3). 

Another major factor in the spread 
particulate contamination is air move- 
ment. Airborne radium can be an ex- 
tremely serious health hazard to  indi- 
viduals as well as to property. Airborne 
radioactivity resulting from an unsealed 
radium capsule is known to have been re- 
sponsible for internal radiation exposures 
in several people.*:!! The very fine pow- 
dered radium salts are adsorbed as dust 
agglomerates and are then very 
spread by air currents. In areas of high ac- 
tivity such dusts can cause serious inhala- 
tion problems and may result in retention 
of radium in inadequately protected indi- 
viduals. 

To reduce the possibility of serious con- 
tamination resulting from a faulty capsule, 
radium users should perform periodic in- 
spections of their sources to detect leakage 
of radioactive material from encapsula- 
tions which have become unsealed. Leak 
testing has become a standard routine pro- 


easily 
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cedure at some hospitals, government in- 
stallations and at least one industrial in- 
stallation. A recent revision of a state in- 
dustrial safety code has included the re- 
quirement that radioactive materials in 
sealed containers shall be inspected for 
leaks at least once yearly.'” Leak testing 
of sources can be done by several easy 
methods.’ Such tests are particularly im- 
portant with increasing age of the capsule. 

We have found that a sensitive leakage 
test can be performed by placing a capsule 
together with a 1} inch filter paper disk 
into a small test tube and sealing the test 
tube for 24 to 72 hours. At the end of this 
time, the filter paper disk is removed and 
assaved for alpha radioactivity. We have 
used a Whatman #41 filter paper disk with 
a 1} inch diameter in order that the sample 
can be counted in standard proportional 
alpha counters. This test method has en- 
abled us to detect leaks a number of 
radium capsules. Wipe tests are less satis- 
factory since they will detect only 
leakage of radioactive solids and may re- 


sult in excessive gamma radiation expo- 
sures to individuals performing the tests. 
Some radium suppliers provide service for 
the detection of leaky capsules. When 
leakage is found, the source should be re- 
turned to the supplier for re-encapsula- 
tion. If radium salts have not been com- 
pletely dehydri ited before se: ling, the de- 
composition of residual water by the alpha, 
beta and gamma radiation will increase 
the possibility of capsule rupture due to 
the build-up of gas pressure within the 
sealed container.’ To our knowledge, no 
tests have been devised to evaluate pres- 
sure within a capsule. 


RADIUM 


As a measure, radium 
sources should be cle: rly marked as is the 
pri actice with other ri adioiosotopes. igure 
4 illustrates a suitable tag 
which identifies the radium 
describes emergency procedures to be used 
in the event of a radium accident. 

Portable alpha survey meters should be 
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Fic. 3. Autoradiographs of the shoes and necktie worn by a person contaminated by the failure of a radium 
capsule. These and other pairs of contaminated shoes tracked radium throughout an extensive area before 
the radioactivity was detected and controlled. 
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PRECAUTIONS 
SHOULD CAPSULE LEAK 


ESTRICT the contamination to as 
SMALL an area as possible 


/ A LLow no one to enter the area 


D. NOT LINGER In the area- 
act quickly 


CLOSE all ventilation 


Us. the nearest exit,CLOSE it after 
you but remember you may be 
contaminated 


= all exposed personnel 
and all adjacent area to determine 
the decontamination necessary 


RADIATION HAZARD 
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(Br, Cl,SO4) 
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Kic. 4. Radium hazard tag. 


kept on hand for the detection of con- 
tamination from unencapsulated radium. 
Meters which respond only to beta and 
gamma radiation are unsatisfactory and 
may give an erroneous feeling of safety 
when used in radium accidents. Alpha 
meters of ionization or scintillation type 
are satisfactory; their calibration, how- 
ever, is difficult. Survey meters can be 
calibrated against certified quantities of 
radioisotope or “‘standards,” such as those 
supplied by the National Bureau of 
Standards. By measuring the standard 
and comparing the results given by the 
alpha survey meter with the certified ac- 
tivity, a correction factor can be deter- 
mined. It is that emergency 
stand-by equipment be within easy reach. 
A supply of materials useful in such situa- 
tions can be obtained for a nominal cost 
(Table 1). This equipment may be of value 
in accidents involving spills of other radio- 
isotopes as well. 

Workers handling radium should be 
watchful for the escape of radium 


essential 


salts 


from sealed containers. When leakage of 


radium 1s found or suspected, immediate 


insti- 
If these 
measures are followed carefully, much de- 
contamination work can be avoided and 
the health hazards greatly decreased. 
After a radium spill has been discovered, 


should be 
tuted, as described in Table 11. 


emergency procedures 


TABLE | 


MERGENCY CONTAMINATION CONTROL EQUIPMENT 


20 paper bags for shoe covers, approximate size: 
t barrel, 60-pound weight paper 

20 paper out” 

clothing, } barrel, 6 

1 roll, 36-inch, 6 


bags for contaminated 
pound weight paper 
) pound brow n Kraft paper 
6 pairs rubber gloves, smooth surface, 10-14 


inch length 


Carry 


te 


pairs handling forceps, stainless steel, approx- 
imately 12 inches long 
6 surgical caps 

pairs of coveralls, or equivalent 
4 packages (} pound each) powdered hand 
cleaner containing § per cent ethylenediamine 
tetraacetic acid (Na, EDTA) 


4 rolls, 2-inch masking tape, 60 yards long 
scrub brushes 

boxes, synthetic detergent (Tide, Surf, Dreft 
are recommended) 

2 dozen, surgical sw abs, or 1 box absorbent cot- 


te te 


ton swabs 


a 
=“ 


VoL. 77, No. 3 


TABLE I] 


EMERGENCY MEASURES FOR RADIUM SPILL 


1. No immediate attempt to clean up the spill 
shall be made 
_ All windows shall be closed, fans, and air-con- 


ditioners shut off, and everyone shall leave the 
room and remain outside it 

» All doors shall be closed and locked 

4. If powdered or gaseous sources are involved, 
the entire door and all other openings leading 
into the room shall be sealed from outside with 
heavy, wide masking tape or adhesive tape, and 
heavy wrapping paper 

. Every person who reasonably might have been 


contaminated shall be bioassayed for radioac- 
tivity under the direction of physician con- 
versant with exposures to radioactive sub 
stances 

. Unauthorized entrance to the contaminated 
area shall be prohibited 

-. A consultant experienced in radiation hazards 


~ 


shall be consulted and direct the decontamina- 
tion procedures. kor assistance in obtaining 
such an individual, contact your State Health 
Department 

8. Portable alpha meters shall be obtained so that 
personnel contamination can be discovered and 
in order that adequate surveys and measure- 
ments can be made to check effectiveness of 
decontamination measvres. 


all windows, doors, and ventilation sys- 
tems should be closed. All personnel 
should leave the room immediately, lock- 
ing the door as they leave. Individuals 
from the accident area should wait just 
outside the area until the contamination 
control kit and monitoring instruments 
have been brought to them. These persons 
should be carefully monitored with alpha 
survey instruments to detect the presence 
of any radium contamination. Paper bags 
can be used as temporary shoe covers dur- 
ing transfer of the evacuees to a suitable 
washing area. Contaminated clothing should 
be changed without delay . The removal of 
radium from the skin should be done care- 
fully and as soon as possible. Detailed in- 
structions for emergency care of con- 
taminated persons have been given in pre- 
vious publications.!' Since the floor in 
the washing area may well become con- 
taminated, it should first be protected by 
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covering it with paper or other disposable 
covering. After this initial personnel de- 
contamination, the washing area should 
not be used again until it can be surveyed 
and cleaned if necessary. 

Immediately after the contaminated 
individuals have been cared for and the 
room where the accident occurred has been 
locked and sealed, the extent of peripheral 
contamination should be determined so 
that further spread of the activity can be 
prevented. The radiation surveyor should 
be equipped with protective clothing from 
the emergency contamination control kit 
(Table 1) and should have efficient respira- 
tory protection, such as an assault mask 
or MSA “Comfo” equipped with ultra- 
filters or a supplied-air respirator, such as 
a Scott Air-Pak. The latter type protec- 
tion is preferred. The surveyor must ex- 
ercise extreme care to protect himself and 
his instrument from becoming contami- 
nated. 

All probable hazards should be sought 
during the initial radiation survey. The 
amounts of radioactive contamination on 
floors, furniture, fixtures, equipment, and 
other surfaces should be determined. Wipe 
samples should be taken in order to deter- 
mine how much of the activity can easily 
be removed. The extent and degree of 
contamination should be marked on a 
sketch or floor plan of the area along with 
the spots where wipe samples or air sam- 
ples were taken (Fig. 5). The time, date 
and initials of the surveyor should be re- 
corded on the survey sketch. This informa- 
tion is useful in establishing traffic control, 
planning the decontamination operation 
and in finding ways of minimizing the dis- 
ruption of normal operations. The sur- 
veyor must also remember as he makes his 
survey that, as he returns through areas 
of lesser contamination, he must be care- 
ful not to track the higher activity back in- 
to less radioactive areas. Frequent changes 
of shoe covers as he returns will minimize 
this potential problem. 

Air samples should be obtained in order 
to determine airborne activity. Air samples 
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Fic. 5. Floor plan of the radiologic department of a children’s hospital showing the radium contam- 
ination on floors after radium accident. Alpha radiation in disintegrations per minute (DPM). 


can be collected by means of an electro- 
static precipitator or by the collection of 
airborne particulate matter on filter paper 
or millipore filter disks. These samples are 
collected by using calibrated air pumps; 
thus, the total air volume represented by 
the collected sample is known for each air 
sample. The time, duration, location, and 
number of each sample should be recorded 
accurately, and this record should ac- 
company the sample when it is sent to 
the laboratory for radioassay. Until such 
studies can be carried out, respiratory pro- 
tective devices? should be worn in areas 
where the airborne radioactivity is_be- 
lieved to be in excess of NCRP* limits.° 
The use of such equipment is suggested 
since the presence of airborne radium in 
excess of the current maximum permissible 
concentration (MPC) of 2.4107" micro- 
curies/ml. is difficult to detect without 
special air sampling and counting equip- 
ment. While the occupational MPC is 
2.4107! based upon a 4o hour 
week, the MPC for the public has been set 
at gc /cc. 


* National Committee on Radiation Protection. 


The results of radiation surveys should 
be kept carefully and made available to 
those health authorities, legal, insurance 
or management personnel who are duly 
authorized to such information. 

All areas showing contamination in ex- 
cess of NCRP recommended values should 
be closed until an appropriate trafic con- 
trol program is instituted and all necessary 
persons have been properly instructed in 
the maintenance of the traffic control and 
decontamination program (Fig. 6). Ra- 
dium is spread by tracking, and relatively 
large areas can be contaminated in this 
way. Therefore, it is imperative that all 
routine work in the affected area be sus- 
pended until the isolation of all contamina- 
tion has been completed. Sometimes, with 
proper traffic control, adjacent work areas 
can be used with little change in normal 
operating procedures. In planning trathe 
control, the following guides are suggested: 
(1) Consideration of the need for immedi- 
ate work in the area; (2) determination of 
a reasonable number of people needed to 


receive 


carry out such work and_ provisions for 
appropriate radiation safety instruction 
for them; (3) installation of suitable dis- 
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HERE 


ADIUM CAPSULE 
BROKE HERE 


Ovarea COVERED WITH WRAPPING PAPER Cares IN WHICH SHOE COVERS MUST BE WORN 
@ eecontaminarion WORK IN PROGRESS RISK AREA 


Fic. 6. Floor plan of the children’s hospital showing contamination control plan. 


posable floor covering; and (4) posting of 
proper warning signs. 

Contaminated floors can be covered 
with heavy Kraft paper. Individuals who 
must work in the contaminated areas 
should be provided with some type of dura- 
ble shoe covers. Latex rubber or the plastic 
type of shoe covers frequently used as rain 
protectors serve well and are readily avail- 
able. If the soles of the shoe covers are 
rough, they can be turned inside out before 
use and thus can be made more easily de- 
contaminable. Heavy paper bags, used for 
groceries, serve very well as temporary 
shoe covers for individuals who must enter 
such areas briefly. 


DECONTAMINATION 

Once such surveys have been made and 
the decontamination has been carefully 
planned, the cleanup work can be started. 
A list of necessary supplies is given in 
Table 111. Several factors should be con- 
sidered before beginning the cleanup. 
These are: (1) The estimated cost of de- 
contamination versus cost of replacement 
of the articles needing decontamination; 


(2) the possibility of spread of contamina- 
tion by the decontamination procedure it- 


TABLE III 


SUPPLIES FOR DECONTAMINATION 


1. Vacuum cleaner with water trap fitted with an 
after-cleaner 

2. Coveralls 

3. Surgical caps 

4. Rubber gloves with cotton glove liners 

5. Dust respirators fitted with CWS-6 or BM-2133 

6. Filters (approved by United States Bureau of 

Mines for dusts and mists). High-level air con- 

tamination may require the use of supplied air 

respirators 

Rubber and /or plastic shoe covers 

8. Barrels, leakproof, 55-gallon metal drums 
which can be sealed 

g. Sponges and sponge mops 

10. Masking tape, 2-inch rolls, 60 yards long 

11. Pails 

12. Several rolls of 36-inch, 60-pound weight brown 
Kraft paper 

13. Mop wringers 

14. I pound ethylenediamine tetraacetic acid-tetra 
sodium salt (Na, EDTA) 

15. § pounds synthetic detergent (Tide, Surf, 
Dreft) 

16. § pounds sequestrant (Calgon or equivalent) 
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self; (3) possible radiation, toxicologic, fire 
and safety hazards created by decon- 
tamination operations; and (4) possibility 
of further damage to contaminated objects 
during cleanup. 

In large-scale decontamination work 
there is the possibility of creating new 
health or safety hazards while attempting 
to eliminate the radioactive hazard. In one 
instance, while a decontamination crew was 
cleaning up a spill in an industrial labora- 
tory, a large gasoline-burning steam gen- 
erator used in the process was producing 
dangerous concentrations of carbon mon- 
oxide in that area. Another near tragedy 
occurred when decontamination operations 
were carried out near an open, live, high 
voltage panel. 

No one should be allowed to smoke, eat 
or drink in contaminated areas or while 

wearing protective clothing. In one radium 
accident, cigarettes carried by an em- 
ployee contained alpha activity of 5,60: 
disintegrations per minute, and soft drink 
bottles in a vending machine 
levels of alpha activity in excess of MPC. 
Telephones and public address systems are 
often seriously contaminated. 

The number of personnel to be used for 
survey and decontamination will depend 
upon the availability of personnel, equip- 
ment and the magnitude of the contami- 
nated area. Decontamination 
should be divided into 
to be responsible for surveys, and the 
other for carrying out the decontamination 
procedures. 
and cleanup should be carefully explained 
to both groups to minimize personal risk or 
accidental recontamination. 

The survey instruments and _ decon- 
tamination equipment should be protected 
from contamination as much as possible. 
Parts which might come in contact with 
contaminated surfaces can be covered 
with masking tape or a strippable plastic 
coating prior to using them in “‘hot”’ 
When the strippable plastic coating be- 
comes contaminated, it can be carefully 
removed. The coating can be peeled off, 


showed 


personnel 


two groups, one 


The techniques of the surveys 


areas. 
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folding the contaminated surface in upon 
itself and placed in the “hot” waste con. 
tainer. In some cases, it would be wise to 
apply another coat of strip plastic and 
sandwich the contamination between the 
two layers of pl istic before stripping off 
the surface coating. The of certain 
strippable coatings offer a number of pos- 
sibilities for the protection and minimiza- 
tion of contamination dam: ige to equip- 
ment. Many of these strip plastic coatings, 
however, contain organic solvents which 
may present a toxicologic or fire hazard. 
Some of the solvents used can damage 
certain painted surfaces or plastics. ; 


use 


REMOVAL OF BROKEN SOURCE 
IN HIGH-LEVEL ACTIVITY 


AND WORK 
AREA 
Whenever possible, it is best to remove 
the unsealed radium source and clean up 
or immobilize the bulk of loose radium as 
soon after discovery as possible. To prevent 
extension of contamination, this procedure 
must be carried out at a time when the 
area is closed. It should be performed by 
two individuals who have had special in- 
struction or experience health physics 
work in “high risk areas.”’ These individuals 
should wear special protective clothing and 
self-contained supplied air respirators. They 
should be assisted by one or two individuals 
in a clean area who can hand them equip- 
ment and record important data. On en- 
tering the high-level area, they should make 
certain that all forced ventilation from this 
area to other portions of the building ts 
turned off. Then the radium capsule should 
be placed in a lead container with a plug- 
type cover and properly labeled (Fig. 7). 
The copious use of a strippable plastic 1s 
desirable to enclose the broken capsule and 
confine radium dust. The plug or 
cover 1s put into place while the plastic is 
wet. The team should leave the area as 
soon as possible and change their clothing 
which may have become contaminated. 
With the resealing of the door, the first 
phase of decontamination is completed, 
the sources of further contamination hav- 
ing been either removed or fixed so that 
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high activity dusts cannot spread. After 
the strippable plastic has dried for 24 
hours, it can be pulled off and put into 
metal drums for disposal or recovery. The 
room in which the spill occurred should 
then be monitored to detect any concentra- 
tions of spilled radium (see Fig. 8). All in- 
expensive equipment which cannot be de- 
contaminated easily should be discarded in 
metal drums, especially if the cost of de- 
contamination and restoration approaches 
the cost of replacement. 

After isolating the areas of primary con- 
tamination and those areas to which the 
primary contamination was tracked, one 
of two decontamination plans can be 
chosen: (a) start with the room in which 
the spill occurred, remove the primary 
contamination, then decontaminate to the 
clean area, or (b) leave the room in which 
the spill occurred sealed, and decontami- 


Fic. 7. The fragments of the broken radium capsule 


are being placed in a lead container and covered 
with strippable plastic paint. The table surface 
upon which the spill occurred was then covered 
with copious amounts of the strip plastic paint. 
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Kic. 8. The “high level” area was monitored with a 
G-M survey meter after the major portion of the 
radium had been removed. The surveyor wore 


surgical gowns sealed with masking tape. Respira- 
tors contained CWS-6 filters in each compartment. 
Surgical towels, bound by adhesive tape, served 


as she COVerSs. 


nate the secondary or tracked contamina- 
tion, working inward toward the high level 
activity. The sealed room can be dealt with 
carefully at a more convenient time as a 
separate problem. The latter plan repre- 
sents a calculated risk and is usually not 
recommended since it poses a_ special 
handling problem when decontaminating 
the ‘“‘hot”’ isolated area so as not to recon- 
taminate the previously cleaned area. In a 
hospital radium spill, we chose this latter 
method in order to keep the radiology de- 
partment in limited but uninterrupted 
operation. The “high risk area’”’ could then 
be cleaned at night when there was mini- 
mal chance for accidental recontamina- 
tion. Extreme precautions had to be taken 
so that decontamination personnel did not 
create and disseminate airborne radioac- 
tivity nor track radium into clean areas. 
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The use of heavy Kraft wrapping paper 


as a temporary floor covering reduced the 
possibility of tracking of radium onto clean 
floors. 

The selection of the best decontamina- 
tion technique will depend upon the na- 
ture of the surfaces to be cleaned and the 
physical and chemical composition of the 
contaminant.! The cleaning operation pro- 
ceeds from the “hot” area of the spill 
through areas of successively lesser con- 
tamination until the desired limits for sur- 
face contamination have been achieved. 
As high activity of the primary contamina- 
tion is reduced, contamination levels will 
approach the activity level of the 
rounding area, which can then be decon- 
taminated along with the previously worked 
area. Where a radium accident has oc- 
curred, the walls and ceilings may be cov- 
ered with large amounts of the 
tope, especially where air currents have 
transported The floors, 
ally contain a greater degree of surface 
contamination. The surface decontamina- 
tion begins with the ceiling, then progresses 
to the walls and finally to the floor. Each 
operation should proceed with a minimum 
of dust-raising. On most surfaces we sug- 
gest that the first phase of the decontami- 


sur- 


radio1so- 


however, usu- 


nation be concentrated upon removal of 


the contamination which is adsorbed 
lightly attached to the surface. The amount 
of loose contamination present on each sur- 


face can be estimated from the results of 


the wipe test. However, the surface adhe- 
sion of this loosely-bound contamination 
must be overcome without increasing the 
permeability of the surface. Radioactive 
aerosols adsorb to surfaces in the same 
manner as non-radioactive atmospheric 
pollutants. This adsorbed radioactivity is 
mixed with dust, surface dirt, and in- 
dustrial film present on the surfaces, and 
will, in many cases, contain most of the 
surface contamination from a_ radium 
spill.!* Thus, careful removal of this loose 
material will also remove the largest incre- 
ment of surface contamination, provided 
that the material is not allowed to pene- 
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trate the surface by use of the wrong de- 
contamination agent or technique. Suc- 
cessive alterations of technique and _ the 
use of different agents will result in further 
reduction of the residual 
(see Table iv). 

The most effective technique we have 
tried in the first phase of decontamination 
of radium spills has been the careful use of 
vacuum cleaning apparatus. It 1s extremely 
important not to use this method unless 
the vacuum cleaner can be modified to trap 
the maximum number of particulates pass- 
ing through the system, and that all per- 
sonnel in the area wear supplied air breath- 
ing apparatus. The concentration of poten- 
tially respirable radioactive particulates 
in the atmosphere is greatly increased dur- 
ing the operation of the vacuum cleaner, 
and necessitates the use of the best pro- 
tective breathing devices available. The 
vacuum cleaner found to be most suitable 
for our needs is one in which the influent is 
bubbled into an aqueous solution contain- 
ing a wetting agent and a chelating agent. 
The effluent is then passed through a series 
of high-efhiciency paper and plastic filters.° 
A certain small percentage of the con- 
taminant has been shown by air monitor- 
ing samples to have evaded our filter sys- 
tem, producing air activity above the 
maximal permissible concentration. The 
use of vacuum is advised only when ap- 
proved respiration equipment will be worn, 
in addition to the protective clothing de- 
scribed previously. The room in which the 
vacuum cleaner is used should be tem- 
porarily closed off to prevent spreading the 
activity via air current. 

The second phase of the decontamina- 
tion offers a choice of mechanical or chemi- 
cal methods to remove the residual radium 
which was not removed by the vacuum 
cleaner. Mechanical decontamination con- 
stitutes the complete or partial removal of 
the surface by burning, scraping, and abra- 
sion. The mechanical removal of the sur- 
faces presents the problem of damaging 
the object as well as possibly creating ad- 
ditional air contamination which can be a 
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hazard to personnel as well as equipment. 
Chemically, chelating agents and deter- 
gents may be used.°:*:!® The chemical re- 
moval, if improperly done, may cause the 
radium to penetrate deeper into the sur- 
face, create toxic concentration of solvents, 
or consume too much time. Much will de- 
pend upon the nature of the surface and 
its location. Table 1v suggests a sequence 
of techniques we have found useful in ra- 
dium decontamination. 

To illustrate the use of Table 1v in the 
room where a spill occurred in a hospital, 
after using the vacuum cleaner, we selected 
chemical decontamination of the painted 
walls and complete removal of the rubber 
tile flooring. The vacuum cleaner was used 
on the ceilings and walls first. Then the 
walls were damp-wiped with a § per cent 
solution of tetrasodium salt of ethylene- 
diamine tetra-acetic acid (NasxEDTA) by 
means of viscose sponges, followed by 
damp-wiping with water. Had any activity 
remained, the painted wall surfaces would 
have been scrubbed with a solution of 5 
per cent EDTA and a commercial syn- 
thetic detergent (Tide, Surf, Dreft) and 
rinsed with water. The volume of scrubbing 
fluids used should be kept as small as possi- 
ble in order to simplify the control of run 
off. If large volumes are used, the radium 
may be spread; also, large amounts of 
fluids increase the problem of the disposal 
of radioactive wastes. In the case of the 
rubber tile flooring, dry ice was placed on 
the tile; upon removal of the dry ice, the 
tile quickly cracked away from the adhe- 
sive without creating an air hazard. 


WASTE DISPOSAL 


Since a suggested limit for Ra®*® disposal 
via municipal sewage systems is so low, 
microcuries/ml., large dilution 
factors must be used if this disposal method 
is selected for the wash-liquids. Where 
high-level radium waste solutions make 
dilution and dispersion via sewage imprac- 
tical, the liquids were retained in leak- 
proof 55-gallon steel drums. Waste solu- 
tions of high radioactivity can be mixed 
with concrete in the metal barrcls. To 
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minimize air pollution, solid wastes are 
kept damp while loading into the large 
barrels. When full, all drums are tightly 
sealed, then stenciled with the customary 
radiation hazard symbol and an individual 
barrel number. Records of the contents of 
these barrels and their identification num- 
bers are added to the survey records and 
are carefully maintained for legal and in- 
surance purposes. 

Upon completion of our decontamina- 
tion operations, the cleaning equipment 
and the remaining supplies were surveyed 
for contamination. Where radium in ex- 
cess of 500 disintegrations per minute alpha 
activity was found, the articles were either 
decontaminated or put into a metal drum, 
The equipment and supplies found to be 
below this limit were returned to use. The 
metal drums were sealed and _ rechecked 
for activity levels to comply with Inter- 
state Commerce Commission regulations, 
Three possible methods of waste disposal 
were available for use by the authors, of 
which we selected the first: (1) Individual 
arrangement with the Atomic Energy 
Commission for burial at Oak Ridge, Ten- 
nessee; (2) reclamation of high-level  ra- 
dium waste by a commercial radium con- 
and (3) commercial radioactive 
waste disposal concerns licensed by the 
Atomic Energy Commission and the Inter- 
state Commerce Commission to 
responsibility for safe disposal. 

After decontamination and waste dis- 
posal have been completed, it is advisable 
to give the floors in the area several gener- 
ous coatings of wax. The walls and ceilings 
may also be painted as final assurance, 
practical as well as psychologic, that the 
area has been made safe for occupancy. 
No matter how thorough the decontamina- 
tion, some residual radium may be sus- 
pected to remain as long as the building 
exists. 


Ceri. 
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In accidents where there is substantial 
contamination by radium requiring exten- 
sive decontamination and prolonged shut- 
down of manufacturing plants or labora- 
tories, the costs have ranged as much as 
$50,000 to $250,000. Such expenditures 
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can be materially reduced through the ob- 
servance of precautionary measures. For 
example, in a recent radium spill in a 
hospital where the loose radium was prop- 
erly confined and the trafic control and 
decontamination well planned, the entire 
cost was less than $1,200. 


SUMMARY 

In the past several years there have been 
at least six accidents involving the escape 
of radium salts from their sealed containers. 
Potential health hazards have been created. 
Radium has been widely spread through- 
out buildings resulting in several occur- 
rences of serious contamination and ex- 
pensive tedious decontamination 
procedures. 

The authors have had experience in two 
such episodes. Simple tests for leakage of 
sealed radium sources are described. Meth- 
ods of handling radium accidents of this 
type are outlined. The necessity for ade- 
quate records of radiation surveys and de- 
contamination operations is_ described. 
Practical techniques of handling contami- 
nated individuals, contaminated areas and 
equipment, and decontamination — tech- 
niques are detailed. Using proper pro- 
cedures in such situations, the risk to the 
health of individuals can be reduced sig- 
nificantly. 

Eugene L. Saenger, M.D. 
Radioistope Laboratory 
Cincinnati General Hospital 
Cincinnati 29, Ohio 


The authors wish to express their gratitude to 
Dr. Frederic N. Silverman, Director, Depart- 
ment of Roentgenology, Children’s Hospital, 
Cincinnati, Ohio, for his active help and many 
good ideas in the work described in this paper. 
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BIOLOGICAL EFFECTS OF FAST NEUTRONS AND 
GAMMA RAYS* 


By JOHN W. CLARK, M.D., DONN L. JORDAN, B.S., and 
HOWARD H. VOGEL, JR., Px.D. 


LEMONT, ILLINOIS 


AMMA rays and fission neutrons dis- 

sipate their energies through matter in 
two distinctly different ways.’ This paper 
describes several experiments which test 
the hypothesis that this physical ditterence 
might well be reflected in dissimilar bio- 
logical mechanisms. It should be noted 
that these two radiations comprise the 
major environmental hazard encountered 
in any atomic installation. Although tech- 
nological advances in nuclear engineering 
place the world on the brink of widespread 
use of atomic energy for industry, power, 
and transportation, the fundamental mech- 
anisms of radiobiological injury are still 
largely unknown. 


MATERIALS AND METHODS 


A radiation chamber was constructed for 
the exposure of small mammals both to 
fission neutrons, to Co®’ gamma rays, and to 
various mixtures of the two given simul- 
taneously.’ Fast neutrons were obtained 
by inserting a uranium plate into the ther- 
mal column of a nuclear reactor in order to 
convert the thermal flux to one of fission 
neutrons. Appropriate filtration reduced 
gamma-ray contamination to 7 per cent 
of the total physical dose. Thermal neu- 
trons were of negligible significance (0.5 
per cent of the fission neutron flux). The 
spectrum of fast neutrons was essentially 
the fission spectrum slightly modified by 
transmission through g cm. of lead. For 
exposure of animals to gamma radiation 
18 sources of Co®® were utilized. Dose rate 
was varied by changing the power level of 
the reactor for the neutrons and by changing 
the source distance for gamma rays. 

Neutron dose measured in 
(roentgen equivalents physical) with Vic- 


was rep 


* From the Argonne National Laboratory, Lemont, Illinois. 
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toreen condenser chambers which had been 
calibrated against a 
chamber of 10.1 per cent hydrogen com- 
position!! and a proportional counter, 
Kor gamma rays these same condenser 
chambers, with a 4-mm. plastic cap, were 
calibrated by the United States National 
Bureau of Standards. 

Animals used in these experiments were 
adult mice (CF No. 1 female) 
which were maintained under carefully 
controlled environmental conditions of 
temperature and humidity. In addition to 
the sample of the population which was 
irradiated, a large group was randomly 
selected to serve as controls. All control 
animals, as well as the survivors of. ir- 
radiation, were kept for observations on 
longevity, incidence of cataracts, tumor 
formation and sterility. 


tissue equivalent 


young 


MORTALITY STUDIES 


1. Mortality of Mice Exposed to Either 
Gamma Rays or to Fission Neutrons. A 
sample of 2,414 mice was irradiated for a 
go-minute period. Figure 1 illustrates the 
percentage mortality during the first 30 
day postirradiation§ interval. Analysis 
shows that a dose of 210 +1 rep of fission 
neutrons kills half the population (I.Ds50). In 
contrast, a dose of g2g9+5 rep of gamma 
rays is necessary for the same biological 
effect. It is thus apparent that the rela- 
tive biological effectiveness (RBE.) of these 
two radiations is 929/210 or 4.43. This 
means that a dose of fission neutrons 1s 
4.43 times as effective as a physically equiv- 
alent dose of Co’ gamma rays. Analysis 
of variance indicated that these two lines 
were parallel, since we were unable to 
demonstrate a significant difference in their 
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slopes. Thus the factor 4.43 is applicable to 
the entire lethal range. 

2. Mortality of Mice Exposed to Both 
Fast’ Neutrons and Gamma _ Rays. By 
multiplying the neutron dose in rep by the 
above RBE, dose units are converted to 
gamma equivalents. Thus, the total dose 
of any mixture can be expressed in terms 
of acommon unit. This conversion has been 
utilized in Figure 2 in order to superimpose 
the same neutron regression line seen in the 
first hgure upon the gamma regression line 
at the s0 per cent mortality level. The 
remaining regression lines represent the 
dose-mortality relations when three differ- 
ent proportions of the two radiations were 


delivered simultaneously (1,996 mice). Note 
that, with the proportions tested, the 
I.D;) for the mixed radiations is greater 
than that for the pure radiations. It 1s 
also seen that the LDs» is increased as the 
gamma component decreases for each mix- 
ture. An analysis of variance indicated 
that the probability of these three mixture 
lines deviating by chance alone from the 
pure radiation line is much less than 1 per 
cent. Moreover, the major departure from 
additivity occurs during the first two weeks 
following irradiation with mixtures, since 
the probability of death is predictable 
thereafter on a completely additive basis. 

3. Temporal Patterns of Mortality. \t 
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quickly became evident that death followed 
much sooner after neutron irradiation than 
after gamma ray exposure. In order to 
compare this difference in death pattern, 
the mice were divided into three compa- 
rable groups based on 30-day lethality. The 
actual dose ranges used are listed in Figure 
3. These represent the approximate 20, 50, 
and 80 per cent lethality levels of the 
gamma and the neutron exposures. This 


figure emphasizes differences in time of 


death following exposure. At each of these 
three dose ranges illustrated for neutrons 
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there was a mortality peak on the fifth or 
sixth day after exposure and a large major- 
ity of the neutron-irradiated mice died 
between the fourth and ninth days. AL 
though almost 70 per cent of all the 
neutron-irradiated mice were dead _ before 
the tenth day, less than g per cent of the 
animals exposed to gamma rays had died in 
this same period. The pattern following 
irradiation with gamma rays was quite 
consistent, with a single peak of mortality 
around the thirteenth or fourteenth days, 

4. Effects of Dose Rate on Mortality. The 
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Fic. 3. Comparison between times of death following single irradiations in the following dose ranges: 
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dose rates in the preceding experiments 
were adjusted so that the total dose in 
each case was delivered in a go-minute 
period. igure 4 shows the effect of reduc- 
ing the dose rate so that the total dose is 
delivered 24-hour period. The 
neutron regression lines in the figure show 
no appreciable difference. On the other 
hand, this reduction in dose rate for gamma 
exposures changes the LDs5. from 929 to 
1,324 roentgens. Incidentally, this raises the 
RBE to 6.3 for 24-hour exposures. 


Over a 


MECHANISMS OF MORTALITY 


The preceding experiments on lethality 
demonstrated that different mechanisms 
are involved following exposure to the two 


In order to further elucidate 
these mechanisms several experiments were 
undertaken. 

1. Bacterial Infection Following Irradta- 
tions. Miller, et a/.6 showed that a general- 
ized bacterial infection appeared in mice 
following single doses of roentgen rays in 
the lethal range. We found that a similar 
bacteremia occurred following fast neu- 
tron and gamma ray exposures." It was of 
interest to note, as is shown in Figure 5, 
that the incidence of positive bacterial 
cultures correlates with time of death 
following each radiation. Both positive 
cultures and mortality occur much earlier 
following neutrons than after gamma rays. 
It should be emphasized that all bacteria 


radiations. 
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identified from these cultures were normal 
constituents of the mouse’s own enteric 
flora. 

2. The Effect of Streptomycin on Neutron- 
irradiated Mice. In an eftort to determine 
the importance of this generalized infection 
as a cause of radiation death, antibiotic 
therapy was employed.’ Figure 6 shows that 
streptomycin therapy reduced mortality in 
neutron-irradiated mice for the first 10 
days. After this period, there was no signif- 
icant difference in probability of death 
between streptomycin-treated animals and 
saline-treated controls. It seems reasonable 
to attribute this decrease in mortality to 
the action of streptomycin in preventing 
fatal bacterial infections. Thus, the ob- 
served bacteremia is not simply a terminal 
event in the moribund animal but a sig- 
nificant cause of death in neutron-irradi- 
ated mice. 

3. The Effects of Cysteine Pretreatment on 
Irradiated Mice. \n contrast to the protec- 
tive effect during the first 10 days as noted 
above, cysteine protects throughout the 
entire period of acute mortality.’ In Figure 
7 the beneficial effect of cysteine pretreat- 
ment of neutron-irradiated mice is shown. 
This effect, however, is of lesser magnitude 
that the effect shown for animals exposed 
to gamma rays. Protection throughout 
the lethal period supports the concept of a 
true dose reduction. The fact that less pro- 
tection occurs with neutrons is in keeping 
with other observations’ showing a de- 
creasing protective action with increasing 
linear energy transfer. 

4. Effects of Gamma 


Rays and Fast 
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of death estimated over 3-day periods after ir- 
radiation. (Estimates based on numbers alive at 
start of each interval. The figures in parentheses 


refer to number of mice exposed.) 


Neutrons on Spleen MWerght. \t is generally 
agreed that blood-forming are 
peculiarly sensitive to radiations. Since 
the spleen is an important hematopoietic 
organ in the used Carter’s 
method of spleen weight reduction follow- 
ing roentgen irradiation® to test the effect 
of fast neutrons and gamma rays on the 
hematopoietic system. The relative eftec- 
tiveness of these two radiations 1s depicted 
in Figure 8. As the regression lines are 
parallel, a factor 4.42 applies 
throughout the entire dose range. It is of 
interest that this value is identical with the 
RBE previously for 30-day 
mortality. 
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DISCUSSION 


The fact that the most probable time of 
death after neutron irradiation was found 
to be so much earlier than that after gamma 
irradiation indicated that ditterent mecha- 
nisms of mortality might be involved. This 
premise was further substantiated by the 
lack of dependence of mortality on dose 
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rate of fission neutrons as contrasted to the 
definite dependence on intensity found for 
gamma rays. The most convincing evi- 
dence, how ever, 
mixtures of these radiations to produce a 
completely additive effect when given 
simultaneously. The two previous experi- 
ments on this problem of additivity were 
in conflict.’:! The conflicting results led to 
the initiation of this present experimental 
program by R. K.. Zirkle and A. M. Brues. 

Recent work!!! seems to indicate that 
death in the early postirradiation period is 
due to changes in the gastrointestinal 
death later in the 
acute period results from hematological 


mucosa. In contrast, 


injury. This process is, of course, aug- 
mented by the accompanying leukopenia 
and probably by damage to the body’s 
immune streptomycin 
protects by blocking one of the terminal 


responses. Thus, 


pathways between energy absorption and 
death. 

On the other hand, immediately follow- 
ing the energy absorption and before any 
recognizable appear, com- 
plicated radiochemical changes occur. Ap- 
parently it is at this time that the cysteine 
exerts its protective effect. It thus ac- 
complishes an over-all dose reduction by 
acting at a more basic level than agents 
such as streptomycin. 


syndromes 


SUMMARY 


Evidence is presented that exposure to 
fission neutrons and Co"’ gamma rays pro- 
duces death in mice by different mecha- 
nisms: (a) The absence of dose rate depend- 
ence for neutrons in contradistinction to 
gamma rays; (b) the different modes of 
mortality; (c) the departure from additiv- 
ity for mixtures in producing death. 

Incidence of positive blood cultures cor- 
relates with time of death for both gamma- 
and neutron-irradiated mice. Since strepto- 
mycin appreciably reduces mortality, it is 
concluded that bacteremia is a significant 
cause of radiation death in mice. Gamma 
rays and fission neutrons have 
relative efficiency for 


the same 
reducing spleen 
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loss of the mouse spleen 5 days after single whole- 
body irradiation. 


weight as for acute mortality. Pretreat- 
ment with cysteine has a protective effect 
throughout the acute lethal period follow- 
ing these irradiations. 


Howard H. Vogel, Sti Ph.D. 

Division of Biological and Medical Research 
Argonne National Laboratory, P.O. Box 299 
Lemont, Illinois 
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RADIATION THERAPY: A GENERAL THEORY* 


By J. 


ROBERT ANDREWS, M.D., D.Sc. (Med.)+ 


BETHESDA, MARYLAND 


“The dream of the radiotherapist in former decades of obtaining an x-ray beam which could 
deliver a high dose to deep-seated tumours without damaging the skin has now been achieved. 
With this, however, has come the realization that improved technique will not materially increase 


the cure rate of cancer. 


“The dream of the radiotherapist to-day is that we may find ways of influencing the biological 
response of tissue to radiation and that it is in the realization of this hope that future progress 


in the next decade ts most likely to be achieved.” 


HE. treatment of cancer with ionizing 
radiations has reached, it seems rea- 
sonable to say, a turning point. The one or 
two decades past have brought great 
technologic advances and have witnessed 
the documentation of a great wealth of 
clinical experience. The latter has not, how- 
ever, reflected the great expectations of the 
former. It would seem, therefore, that 
means other than purely technologic should 
be sought whereby either potentiation of 
local cancer destructive effects or increased 
resistance of host tissues to ionizing radia- 
tions could be effected. Preliminary to the 
seeking or formulation of such means it 
would be appropriate to re-study the 
several aspects of the structure of radiation 
therapy, how they are interrelated, and 
the theoretic significance of modification 
of some of these aspects. 
Radiation therapy 
considered as having three, 


generally be 
more or less 
independent but interrelated, aspects—the 
technical, the biologic, and the anatomic. 
These several aspects, or divisions, of radia- 
tion therapy are more or less demarcated 
and confusion may be avoided by consider- 
ing each division separately. Each of these 
aspects can be evaluated in theory and, to 
a perhaps more limited extent, in practice. 
Once each is evaluated individually they 
can then be interrelated and, in turn, the 
interrelation can be evaluated and applied 
to a specific clinical problem. This evalua- 


may 
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tion may be in terms of factors or factoral 
values. In developing this conceptual 
aspect of radiation therapy, use may be 
made of the model Figure 1 4, where o 
represents the host organism, as either the 
organism in its entirety or organs, tissues, 
or cells of the organism, and 7” represents 
the neoplasm. The first, or technical, 
aspect of radiation therapy is an efficiency 
factor (Dresner*) which may be indicated 
by the symbol fg and defined as the ratio, 
D,/D., where D, is the integral dose de- 
livered to the neoplasm and D, is the inte- 
gral dose delivered to the organism or to its 
normal organs and tissues. In the evalua- 
tion of this technical or efficiency factor, 


fr, it is important to recognize that tech- 


nique, per se, involves only the absolute and 
differential doses to neoplastic and other 
tissues. It has no other significance. The 
only exception to this generality may be in 
respect to relative biologic effectiveness 
and the mechanism of linear energy transfer 
and the possible dependence of these on 
variations of linear ion density. It is 
obvious that the technical or efficiency 
factor, fz, can have a value of 1, >1, or 

The biologic aspect of radiation therapy 
may be indicated by the symbol, fz, and 
defined in terms of radiosensitivity as the 
radiosensitivity factor or the ratio, R,/R., 
where RX, is the radiosensitivity of the 
neoplasm and R, is the radiosensitivity of 


* Radiation Branch, National Cancer Institute, National Institutes of Health, Public Health Service, United States Department 
of Health, Education and Welfare, Bethesda, Maryland. Read at the Eighth International Congress of Radiology, Mexico City, 


Mexico, July 22-25, 


2-20, 


t Chief, Radiation Branch, National Cancer Institute. 
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the host organism or of its organs, tissues 
or cells. Inasmuch as there is a known, 
wide variation of 
neoplastic and other cells the radiosensitiv- 
ity factor, fz, may havea value of 1, >1, or 
<1. It is important to recognize that the 
biologic aspect exists separately and _ in- 
dependently of the technical and that it is 
not modified by variations of the former. 
The anatomic aspect of radiation therapy 
may be indicated by the symbol, /:, and 
defined as the ratio of the extent and loca- 
tion of the neoplasm in respect to the host. 


The variations which may exist are, of 


course, manifold but, in general, they may 
be characterized by the variations of the 


model shown in Figure 1 B. Evaluation of 


the anatomic factor is difficult but, reduced 
to its simplest terms, the factor, fs, could 
be evaluated as a function of the radio- 
therapeutic accessibility of the neoplasm 
in the general terms of the model as shown 
in Figure 1 C. In general, the anatomic 
factor has the greastest value at the incep- 
tion of the neoplastic process. 

Radiation therapy is, then, concerned 
with these three more or less independent 
but interrelated factors, each factor being 
variable through the range >1—1 <1. In 
all instances, the symbol, >1, denotes the 


LOCALIZED 


Fic, 1. 


radiosensitivities of 


Schematic representation of anatomic factor. (4) Host, 0; 


Andrews MARCH, 1967 
most favorable evaluation of the factor, and 
when all three factors are evaluated as >1, 
this represents, of the clinical 
ccirumstances most favorable for cure. 
Each of these three factors being variable 
within the range indicated, there exist, 
therefore, numerous combinations of them 
and each combination would 
theory and, as experience suggests, in 
practice a somewhat different summated 
value and clinical significance. It follows 
that the summated values of the factors, 


course, 


have in 


fe, fe, and f4, may be characterized as the 


radiocurability, or, better, response factor, 
designated as fx, and a range of values 
ds assigned to it. How typical 
cases fall into certain groupings of these 
determinant factors will be shown below. 
THE EFFICIENCY FACTOR 

The technology of contemporary radia- 
tion therapy makes possible the realiza- 
tion, in almost all instances, of an efficiency 
factor of >1. This technology includes for 
external radiation therapy 
wide range of photon energies, a wide 
range and variety of particle energies, and 
diverse methods for fixing or moving the 
radiation field; for intracavitary and inter- 
stitial techniques, a variety of radioactive 


techniques, a 


EXTENSIVE METASTATIC 


<I 


neoplasm, 7. (B) Possible relationships 


of neoplasm to host. (C) Evaluation of the anatomic factor in respect to radiotherapeutic accessibility. 
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substances; and for intracellular irradia- 
tion, certain radioisotopes. This technology 
makes possible the selective irradiation of 
tumor masses, tissues or cells with an 
eficiency factor of >1 in most instances by 
the appropriate use in the case of external 
irradiation of fixed or moving field tech- 
niques. In conjunction with appropriate 
photon energies the efficiency factor can be 
brought to a very high level. This also 
obtains by the appropriate combination of 
external and intracavitary or interstitial 
radiation techniques. In the unique in- 
stance of the functioning thyroid cancer the 
efficiency factor may have a ratio of several 
thousand to one. None of these techno- 
logic considerations should be considered 
to have any exceptional biologic value, per 
se. They are and can be means only to 
an end, the end being the improvement 
of the efficiency factor. Significant differ- 
ences in percentage depth doses, depth (in 
tissue) of Maximum ionization, differential 
bone absorption, beam definition, and 
shape of isodose curves exist in photon 
beams of different energies. Consideration 
of the plots, showing the distribution of 
ionization in tissue for photon and electron 
beams of different energies, of Figure 2 will 


COMPARISON OF AXIS DEPTH DOSES 
] TT T T T 


RELATIVE PERCENT DOSE 
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Fic. 2. Relative axis depth doses for photon and 
electron beams of various energies. 
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TABLE | 


INTERRELATIONSHIPS OF EFFICIENCY (fr), RADIO- 
SENSITIVITY (fg), ANATOMIC (f4), AND RADIATION 
RESPONSE (fp), FACTORS AND ILLUSTRATIVE 
EXAMPLES 


Illustrative 


Si fa | fa | Sr Examples 


>1 >t Functioning cancer 
of thyroid 

2 >1 | >I ae Basal cancer of skin 

3 >I <1 <1. Seminoma of testis 

4 >I i >1 >1 Cancer of uterine 
cervix, Stage 1 

5 > I I Cancer of oral cav- 
ity 

6 >I I <1 <1 Cancer of uterine 
cervix, Stage Iv 

7 >I >I Certain sarcomata 

8 >I Certain brain. tu- 
mors 

9 >I <1 Cancer of lung 


show that there are both theoretic and 
practical fields of usefulness for photon and 
particle beams of all energies. The one 
resulting in the greatest value for the fac- 
tor, fx, tor the clinical problem concerned 
is, of course, the one most appropriate, 
there being in general no other considera- 
tion.* 

If, now, consideration is given to the 
possible factoral combinations of the tech- 
nical, biologic, and anatomic aspects of 
radiation therapy under conditions in 
which the efficiency factor always has a 
value of >1, then the combinations shown 
in Table 1 can be developed and what has 
been called the response factor, fr, can be 
evaluated. Illustrative examples are given 
for each of these categories and experience 


* The problem of the relative biologic effectiveness (RBE) of 
photons of different energies and of particles of different energies 
and types has not been taken into account in this discussion. It 
is a problem which apparently is neither solely physical nor 
solely biologic. The RBE factor seems to depend upon not one 
but upon at least two variables,—specific ionization (or linear 
energy transfer (LET)), a purely physical consideration, —and 
the nature of the biologic material or response studied, a purely 
biologic consideration. It would appear desirable to be able to 
apply an LET or RBE correction factor but it 1s not possible, 
at the present time, to assign meaningful values to such for the 
destruction of human cancer. It is probable, however, that the 
ratio of values of such factors for roentgen rays in the range 20c 
kv.-a mev. is of the order of, say, only 1:0.6. For a further dis- 
cussion of this aspect of the problem Zirkle” and Furchner® may 


be consulted. 
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will suggest many others. In the case of the 
first example, functioning thyroid cancer, 
the technical, biologic, and anatomic fac- 
tors are favorable and response is good. It is 
impossible, at the present time, to visualize 
a combination of more 
favorable than this. In the case of number 
3, testicular seminoma, the radiosensitivity 
or biologic factor, fz, is so favorable that it 
may greatly outweigh what often is a very 
unfavorable anatomic factor. In such in- 
stances the response factor may still be 1 or 
even >1. Other examples show that when a 
poor radiosensitivity or biologic factor is 
combined with a poor anatomic factor a 
favorable response cannot be expected 
despite the fact, it should be emphasized, 
that the technical factor may still have a 
value >1. It is important, of course, to 
persist in efforts to refine further the 
technical or efficiency factor, but little in the 
way of significant improvement in the 
results of radiation therapy can be expected 
until such time as the radiosensitivity and 
anatomic factors can be modified in such 
ways as to make them as favorable as the 
technical factor. These, the biologic and 
anatomic factors, and not the technical, 
are today the limiting factors in radio- 
curability. Consideration will be given to 
this aspect of the problem in the parts 
which follow. 


circ umstances 


THE BIOLOGIC OR RADIOSENSITIVITY 
FACTOR 

Some cells and tissues are, for reasons 
presently unknown, more susceptible to 
ionizing radiations than are other cells and 
tissues. This radiosensitivity, or 
factor, may and does show a wide range of 
values between greater and less than 1. 
Unlike the efficiency factor there is at 
present no known practical way to modify 
this biologic factor. Modifications have, of 
course, been effected in the laboratory 
but the methods have not yet been proved 
applicable to clinical radiation therapy. It 
is obvious, then, that a potentially produc- 
tive line of research j in human cancer radia- 
tion therapy would be in the direction of 
attempting, through physiologic, chemical, 


biologic 
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physical, or other means, to modify the 
radiosensitivity of either the neoplasm or 
the host. In the case of the former it would 
be desirable, of course, to modify radio- 
sensitivity in the direction of potentiation 
of radiation effect and in the case of the 
latter in the direction of diminishing the 
radiosensitivity or of increasing the resist- 
ance of host cells and tissues. 

In respect to the energy transfer process 
which results in what we call the radiation 
response, Gray® has aptly pointed out that 
a dose of ionizing radiation which will kill 
many cells is comparable with the normal 
energy required by a cell to carry on its 
vital processes for only one second or less. 
In addition, the sequence and character of 
grossly observable ionizing 
radiations suggest that these responses, or 
the mechanism producing them, 
different 
biologic, 


responses to 


are in 
responses 
caused by chemical, thermal or 
other physical agents,—this despite the 
fact that it has not been shown convinc- 
ingly that the cytologic or 
changes are characteristic. This suggests, 
of course, that while the cell can react only 
as a cell and not uniquely, the mechanism, 
as distinguished from the manifestation of 
the radiation response or injury, may be 
unique. This leads to the conclusion that 
it may be possible to modify the mechanism 
either in the direction of augmentation of 
effect insofar as tumor is con- 
cerned or in the direction of diminution of 
effect insofar as the host is concerned. The 
small energy transfer involved and_ the 
more or less characteristic nature of the 
response suggest that it is the 
mechanism which is unique and, therefore, 
that present day practices in radiation 
therapy should be re-examined in order to 
determine if such practices do not have a 
bearing on the mechanism. 


some respects from 


histologic 


response 


gross 


TIME AS A MODIFIER OF 


FACTOR 


THE BIOLOGIC 
It seems reasonable to assume that the 

dose increment, the periodicity of applica- 

tion, and the over-all time of application of 


ionizing radiations have a bearing on the 


he 

of 
he 
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mechanism of the radiation response, for, 
fundamentally, the rate of transfer of 
energy to the cell must be a function of 
these. Modifications of these might be 
expected, therefore, to result in alteration 
of the response. Studies of the iso-effect 
plots relating dose and time for the skin 
blistering and cancer destructive responses 
of human tissues to 1onizing radiations 
show that these plots have different slopes.! 
It is well known, of course, that divided 
doses of ionizing radiations are not fully 
cumulative in their effects and these studies 
indicate, in addition, that for these two 
responses, at least, there are also differential 
cumulative or differential recovery rates. 
The iso-ettect plots relating dose and 
time for divided doses of ionizing radiations 
resulting in either the skin blistering or 
cancer (squamous cell carcinoma) destruc- 
tive responses have the general equation 


D=ki" 


where D is the total dose given in multiple 
increments in ¢ time, & is a constant having 
the value of the single dose for the specific 
response, ¢ is the time in days over which 
the total dose, D, is administered, and 7 is a 
positive fraction. For the skin blistering 
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effect the best values ot & and 7 as pre- 
sently determined are, respectively, 1,500 
and 0.32 and for the destruction of squa- 
mous cell carcinoma 2,750 and 0.23.” 

Inasmuch as 7 is a positive fraction D 
must be equal to or greater than & for any 
value of it. If, for an equal response, a 
dose, D, is required when given in ¢, days 
while & is the value of the single dose given 
in a single sitting, 4, then the difference, 
D-k, must be a measure of the recovery 
effect in the interval, 4-¢,. This may be 
termed the recovery fraction and, inas- 
much as D= kt", expressed as, 

Recovery fraction = kt”9—k=k(t"—1). 

The development of this concept and the 
derivation of this equation are shown in 
Figure 3. 

The recovery fraction for the blistering 
reaction of the skin (RF,) is, then, 

RF, = 1,500 
and the recovery fraction for the cancer 
destructive response (RF’,) is 
RF, = 2,750 

The differential recovery factor for the skin 
(DR.) may be defined as the ratio of the 


iso-effect plot 


| 


n=ratio of vertical to 
. horizontal increase 


kt” 


“Recovery Fraction” 
in time, ty =kt"-k 


DOSE IN r (Logarithmic Scale) 


TIME IN DAYS (Logarithmic Scale) 


ty 


Fic. 3. Derivation of “recovery fraction,” kt”—&. Radiosensitivity connotes not only susceptibility to injury 


but, also, the capacity to recover from injury: &, the dose required to produce a given response when ad- 
ministered in a single sitting, is an index of susceptibility to injury; &" 1s the dose required to produce the 
same response when administered in ¢, days. The difference, kt"—k, between the two is an index of the 


capacity to recover from injury. 
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RECOVFRY FRACTIONS (7) FOR BLISTERING 
(RF,) AND THE CANCER DESTRUCTIVE 
AND THE DIFFERENTIAI 


FACTOR (DR,) FOR THE 


THE SKIN 


RESPONSES 
RECOVERY 


SKIN RESPONSE (DR, =RF,/RF,,) 
Treat- 
ment RI RF, DR 
Days 
- 473 
633 792 799 
5 I ,013 
7 [£293 1,548 835 
10 1,634 1,92 
1§ 2,066 2, 
26 2,708 32,022 
40 3 387 3,666 924 
7§ 4,472 4,670 
100 § ,048 S,181 974 
125 § Gog 
150 § 5,949 -997 
200 6.668 6,548 1.018 


recovery fraction of the skin response to the 

recovery fraction of the cancer destructive 
response and expressed as 

RF, 1,500 ( 

DR,= 

22950 

Values of RF., RF, and the differential 
recovery of the skin, DR,, are tabulated in 

Table u. The differential recovery factor 

for the skin is plotted in Figure 4. From the 

data of Table 11 and the plot of Figure 4, 


J. Robert . 


Andrews Maren, 
it is apparent that the differential recovery 
factor for the skin is less than unity fox 
any total treatment time of less than about 
150 davs. For short treatment times the 
recovery fraction tor the skin blistering 
response compares unfavorably with the 
recovery fraction for the cancer destructive 
response. 

These relationships are shown in different 
ways in Table ui and in Figure § and 6, 
Table mt and Figure 5 show the relation- 
ship between the skin blistering and cancer 
destructive responses in terms of the per- 
centage of the single doses required to 
produce the responses. Table 111 and Figure 
6 show the ratios of these for any given 
period of time. The data suggest very 
strongly that significant differential clinical 
effects might not be observed in treatment 
times of less than about 100 days. Whether 
or not such differential effects exist for other 
tissues 1s not presently known, but it would 
appear to be desirable to investigate 
systematically the possibility ot modifying 
the radiation response mechanism in hu- 
man cancer by prolonging treatment time 
in this manner. It is assumed, of course, 
that appropriate total doses of the order 
indicated by the relationship, 


D=2,760 
2, 


would be given in appropriate small in- 
crements. 


DIFFERENTIAL RECOVERY OF SKIN IN RESPECT 
TO TREATMENT TIME 
> 
1.2 T T T 

|) | | | 
YU 
3 0.8 — “’ + + + + + + 4 
0.6 - —+—+ + + + + + + 
Z 0.4 + + + --+—+ + — 
uJ 
| | 
| 
| | | 

1 2 3 4 5 10 20 30 40 50 100 200 

TIME IN DAYS 


Fic. 4. Differential recovery of the skin. Ditferenti 


skin response to the recovery fraction of the 


al recovery is the ratio of the recovery fraction of the 
tumor response at any given treatment time. 
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TaBce II] 


DOSES REQUIRED TO PRODUCE THI 
AND THE 


SKIN BLISTERING AND CANCER DESTRUCTIVE 


RATIOS (SKIN %/CANCER %) 


PERCENTAGES OF SINGLI 


RESPONSES IN RESPECT TO TIME (FIG. §) 


OF THESE PERCENTAGES (FIG, 6) 


Skin Response Cance r Response Ratio: 
(D= 2,7 5019-23) Skin % 
Dav 
ot Single Dose oft Single Dose Cancer 
Dose Required (r) Dose Required (r) 
| 275 I 
142 129 §42 
2,793 156 4,298 1.19 
I 209g 17 4,67¢ 
16 230 >, S66 
26 20 4,2 21 
4 326 4,5 233 6,416 1.40 
I 43 60,548 Fy 


OTHER MODIFIERS OF THE BIOLOGIC OR 


RADIOSENSITIVITY FACTOR 


the 
clinical level might be an exhaustive study 
of the influence of oxygen tension on the 


A promising line of research at 


radiosensitivity factor as Gray’ has shown 
that the sensitivity of tumor 


ionizing radiations may be increased by a 


cells to 


factor of about three under conditions of 


increased oxygen tension.* Jacobson* and 
Patt" have published comprehensive re- 
the 
injury and of protective mechanisms in the 


views of modifications of radiation 
laboratory. It would seem now to be an 
appropriate time to attempt a systematic 
study of the applicability of modifiers dis- 
covered in the experimental laboratory to 
problems in human cancer therapy in order 
to attain, more generally, a_ biologic or 
radiosensitivity factor of >1. 

Betore concluding this section, it might 
be well to call attention to an established 
misconception in oan 


radiosensitivitv. This concerns the so- 
* Churcl Davidson (Churcl Dav on, L., Senger, C., ar 
Thomlinson, R. H., His pre oxvgen and radiotherapy, 
Lancet, May 28, 1965, 7, 1 I has published preliminary obser 
vations on cq t van breast and tung cancers irradiated 
In a modified naval diving recompr on chamber un bar 
biturate ane ir ¢ t Pat 
Indicated that 1n 6 cases the neoplastic t ies Which were irrad 
ated under xvgen n how 
greater damage than similar tissue radiated under conditions 
of normal atmos} ric pre ire an 


understanding of 


called law of Bergonié and Tribondeau® 
relating radiosensitivity to the primitive 
or undifferentiated state of cells. Mole!® 
points out that if, as is generally conceded, 
repair must come from primitive or un- 
differentiated cells, then, of course, the 
“law” is untenable, for such cells would of 
necessity have been destroyed and there 
could be no repair. This is not the usual 
experience with cancer, hematopoietic, and 
other cells. This suggests that radiosensitiv- 
itv may reside in some other characteristic 
and that, therefore, increment of dose, 
periodicity of application and the over-all 
time of radiation may be important. 


THE ANATOMIC FACTOR 


The anatomic factor is not, per sé, a 
problem in radiotherapeutics. It is more 
properly a problem in cancer diagnosis 
and case finding but it is, nevertheless, of 
great concern to clinical radiation therapy 
as, in general, the condition most favorable 
to the cure of the disease is the disease at 
its inception. The problem of the relation- 
ship of radiocurability to the anatomic 
extent of disease is not difficult of compre- 
hension. Approach and method must be 
adapted to the disease as it presents for, 
quite obviously, this cannot be modified. 
On the other hand, by 
provement of the technical aids and, there- 
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Kic. 5. Percentages of single doses required to produce the skin blistering and cancer destructive 


responses for any given treatment time. 


by, the technical or efficiency factor and by 
appropriate consideration of the biologic 
or radiosensitivity factor it has been pos- 
sible to extend successful radiotherapy to 
complicated and, by ordinary standards, 
extensive cancer. This aspect of improve- 
ment of radiation therapy results is most 
notable in carcinoma of the uterine cervix 
in which the cure rate has now been ex- 
tended to almost 50 per cent ( Kottmeier’). 
It is evident, however, that strict limits to 
successful radiation therapy are imposed by 
the anatomic factor and this can only be 
modified by such improved case finding 


methods as will allow the disease to be 


discovered at its inception. 

CONCLUSION 
A general theory of radiation therapy has 
been developed in order to further clarify 
the variables concerned in it and_ their 
interrelationships and to suggest possibil- 
ities for the modification of these variables. 
If, in the littlke more than half century 
since the discovery of the roentgen rays, a 
condition of development and skill has been 
achieved where in practically all instances a 
technical factor of greater than one can be 
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Fic. 6, Ratio of the skin blistering and cancer destructive doses in terms of the percentages of single 


doses required, ©, skin dose 


“> cancer dose, for any given treatment time. 
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attained, it is not inconceivable that it will, 
in the future, be tound possible to modify 
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THE THIRTY-NINTH ANNUAL MEETING OF THE 
AMERICAN RADIUM SOCIETY 


HE. Thirty-ninth Annual Meeting of 

the American Radium Society will be 
held at the Chateau Frontenac in Quebec 
City on Wednesday, Thursday, Friday and 
Saturday, May 29, 30, 31 and June 1, 1957. 
The policy adopted several years ago of 
holding the meetings outside the large con- 
vention centers continues to meet with ap- 
proval. The members and guests of the 
Society, who are in the main inhabitants of 
densely populated areas, have welcomed 
the opportunity to meet and perhaps relax 
a bit afterward in the beautiful and inter- 
esting surroundings of the many smaller 
cities and resort centers at our disposal. 
The forthcoming meeting will be the first 
since the Society was founded tn 1g16 to be 
held outside the borders of the United 
States. The Canadian members and other 


radiologists, as well as the membership of 


the Canadian Medical Association, are well 
aware of the high honor thus extended by 
the American Radium Society. 

Those familiar with the historical walled 
city of Quebec will agree that the locale is 


eminently suitable. The dignified charm of 


the Chateau provides adequate convention 
facilities in an atmosphere of gracious liv- 
ing. Here in picturesque French Canada 
vou will find a city transplanted from the 
Old to the New World. If so minded, you 
will have an opportunity to try out your 
French, but until you leave the beaten 
trails be prepared for a reply in faultless 
English. You will appreciate the French 
wines and cuisine. The sightseers and pho- 
tographers will find ample scope through- 
out both the lower and upper towns. For 
those interested in the romance of history, 
the views from Dufferin Terrace and Cape 
Diamond will stir memories. Before com- 


ing, you may wish to re-read Kirby’s The 
Golden Dog. The Lure of Quebec, by Perci- 
val, will add to the enjoyment of a ramble 
about the city walls. Perhaps you will time 
your visit to the ramparts of the Citadel 
to coincide with the changing of the guard 
by the Royal Twenty-second Regiment. 
Shoppers will find new treasures. An oppor- 
tunity will be provided to visit the old 
Laval University, founded by the great 
Bishop in 1663. Those interested will find 
a trip to the modern University buildings 
in New Quebec rewarding. : 

The preliminary program appears else- 
where in this issue of the JourNaAL. Regis- 
tration will begin between 4:30 and 6:30 
p.M. on Wednesday, May 29. The Ca- 
nadian Association of Radiologists is to be 
host at 6:00 P.M. at an inaugural cocktail 
party in the Champlain Room. The Scien- 
tific Sessions commence on Thursday, Mav 
30, at g:00 A.M. The Program Committee 
has been pleased to accept the offer of the 
Ontario Cancer Treatment and Research 
Foundation to make available the Society’s 
Annual Gordon Richards Memorial Lec- 
ture. The speaker will be Professor Arthur 
Ham of the Department of Anatomy of the 
University of Toronto and Director of Re- 
search at the Ontario Cancer Institute in 
Toronto. Dr. Ham will speak on “The 
Newer Knowledge of the Structure of Nor- 
mal and Malignant Cells Obtained by 
Electron Microscopy.’ During the after- 
noon session, Dr. Douglas Quick will act as 
moderator for a round table conference on 
“Treatment of Cancer of the Lung,.”’ 

The authorities ot | aval University have 
graciously invited the members and guests 
of the Society to a Vin d’honneur on the old 


University Grounds at 5:30 p.m. These re- 
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ceptions are justly famous and provide a 
delightful example of a traditional hos- 
pitality which most of us may find a little 
unusual. The party will be held within five 
minutes’ walking distance from the 
Chateau. At its conclusion, transportation 
will be ready at the University for a trip to 
Lac Beauport, a winter and summer resort 
on the border of the Laurentians, the 
world’s oldest mountain chain. Dinner will 
be served at 8:00 P.M. in typical French 
stvle at the Manoir Saint Castin. 

On Friday, the program will open with a 
series of papers on Rotational Therapy pre- 
sented by eminent investigators who have 
had extensive experience with rotation at 
the different energy levels. 
of these papers will be in the form of a 
round table conference under the direction 
of Dr. Robert Robbins of Philadelphia, 
Pennsylvania. 

The afternoon session will conclude with 
the Janeway Lecture, always the highlight 
of our meeting. Dr. Simeon T. 
Seattle, Washington, will speak on “The 
Contributions of Biology to Radiation.” 

The Radium Chemical Company will 
entertain prior to the Annual Banquet, 
which will be held in the Ballroom of the 
Chateau at 7:30 P.M. 

The meeting will conclude at 1:00 P.M. 
Saturday, June 1, with a buffet luncheon 
sponsored by Atomic Energy of Canada 
Limited. It is suggested that those who are 
not familiar with Quebec endeavor to plan 
their trip so as to be able to remain a day 
or two after the meeting to explore thor- 
oughly the City and its environs. 

For the ladies, the Committee on Ar- 


easy 


The discussion 


rangements, under the capable direction of 


Dr. and Mrs. Carleton B. Peirce of Montreal 
and Dr. and Mme. 
Quebec, have arranged 
on Thursday. 
La Bastoigne. 


sightseeing trip 
Luncheon will be served at 


The adjoining St. Lawrence 


riverbank provides a magnificent view of 
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the Citadel and Chateau across the bay. 
The tour will conclude in ample time for the 
Vin @honneur at Laval. 

Members have received brochures from 
the tourist bureau of Quebec and advance 
notice from the Committee in charge. Res- 
ervations should be made directly with the 
Chateau Frontenac, mentioning the Ameri- 
can Radium Society. It might be wise to 
make travel plans at this time. Motorists 
from the East with a few days to spare 
would enjoy a trip around the Gaspé Pen- 
insula. Adequate air line service is avail- 
able to Montreal; Trans-Canada Air Lines 
provide good but limited service on to 
Quebec City. The hotel is, of course, part 
of the far-flung Canadian Pacific Railroad 
empire. 

Dr. Carleton B. Peirce extends an invita- 
tion to those passing through Montreal to 
visit his department at McGill U niversity 
and the Royal Victoria Hospital. For those 
who are not familiar with English-speaking 
Canada, a stopover ; 
while. Dr. Clifford L. Ash will gladly ar- 
range a trip through the building, now 
rapidly nearing completion, for the Ontario 
Cancer Institute, a center of which all 
Canadians are justifiably proud. 1 
who are interested in the clinics of the 
Ontario Cancer Treatment and Research 
Foundation, Drs. T. G. Stoddart in Ot- 
R. C. Burr in Kingston, Llovd Green 
in eileen. and Ivan Smith in London, 
and your President, extend a hearty in- 
vitation. 

It is hoped that many members of the 
Society, along with their wives and families, 
will come to Quebec City. The American 
Radium Society takes this opportunity to 
cordially invite all others who are interested 
in therapeutic radiology to attend. 

NorMan McCormick, M.D., President 
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ARTHUR CARLISLE CHRISTIE 
1879-1956 


HE. August, 1956 issue of the AMERI- Arthur Carlisle Christie was born in 
can Journat or RornrGeNoLtocy, West Sunbury, Pennsylvania, December 
Rapium THERAPY & Nuctear MEDICINE 29, 1879, the son of Doctor Milton H. 
carried a brief announcement of the death Christie and Harriet Rhodes Christie. The 
of our distinguished colleague, Doctor son of a practicing physician in a rural area, 
Christie, which occurred June 22, 1956. he was associated with medicine through- 
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out his life. His early education was in the 

public schools of Corry, Pennsylvania. He 
was granted his degree of Doctor of Medi- 


cine in 1904 by the Cleveland College of 


Physicians and Surgeons (now incorpo- 
rated in Western Reserve University Medi- 
cal School). 

Doctor Christie is survived by his wite, 
Maude Irene Christie of Crescent City, 


Florida: three children, Mrs. Fred Beck of 
Presque Isle, Maine; Carlisle Christie of 
Chicago, Illinois and Geneva I. Morris of 


Crescent City, Florida; two brothers, 
Doctor L. M. Christie, Woodside, Marvy- 
land, and C. L. Christie, La Jolla, Cali- 
fornia. 

An internationally known Radiologist, 
Doctor Christie practiced his profession in 
the city of Washington, D. C. tor thirty-six 
vears. His death from a cerebral hemor- 
rhage occurred in the Baptist Memorial 
Hospital in Jacksonville, Florida. He had 
been ill for a period of three weeks prior to 
his death. 

Since Doctor Christie’s retirement in 
1952, he had been living in Crescent City, 
Florida, where he was enjoying the fruits 
of his contributions to science and particu- 
larly radiology. As he expressed it, he re- 
tired to carry on some of the things he most 
enjoved—namely, working in his flower 
garden. 

Doctor Christie was a pioneer in the 
medical application of X-ray, and _ his 
authoritative opinions 


were respec ted 


throughout the world. He Was the tvpe ot 


gentleman who did not confine his interests 
entirely to the practice ot his profession. 
He exhibited the finer characteristics ot a 
true physician in that he was prominent in 
civic affairs in the city in which he lived, 
not only contributing of his knowledge and 
time to the church but he also was a teach- 
er, a writer and a helpful advisor to govern 
mental agencies. 


Doctor Christie possessed the heritage of 


a fine background. He was the son of a 
country doctor and Doctor Christie him 
self began his medical career as a general 
practitioner in Climer, New York, in 1g04. 


Edi tori als 
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The true characteristics ot Doctor Chris- 
tie are exhibited by the fact that from the 
beginning as a rural practitioner he ad 
vanced 1n his profession to the highest pin- 
nacle. He became President in 1937 of the 
Fifth International Congress of Radiology, 

During World War I Doctor Christie 
organized the Army Medical Division of 
Radiology and he often said he became a 
Radiologist by edict of the Government. 
At that time there were no X-ray special- 
ists in the Army Medical Corps, and it was 
through Doctor Christie’s efforts that a 
splendid division of Radiologists was or- 
ganized in the Medical Corps of World 
War I. Those who were privileged to know 
him in those active vears will never forget 
his kindness toward the younger men in the 
Medical Corps, and his great fellowship and 
friendship with the confreres of his own 
age. It was through his untiring efforts and 
his organizational ability that the radiologi- 
cal section of the Army Medical Corps at- 
tained such a splendid position. 

In 1916, Doctor Christie became associ- 
ated with the late Doctor Thomas H. 
Groover in the practice of Radiology in 
Washington, D. C., and in totg the late 
Doctor KE. A. Merritt joined the partner- 
ship. This group of Radiologists SOON. eS- 
tablished themselves as outstanding, and 
the partnership of Groover, Christie and 
Merritt was a synonym of the finer things 
in Radiology. Although the three original 
partners are dead, the firm continues its 
high prestige under the leadership of Doc- 
tor Fred O. Coe. 

As would be expected ina man of Doctor 
Christie’s ability and his high standing in 
his profession, he was honored with in- 
numerable positions of importance in the 
medical and professional world. Doctor 
Christie was the distinguished Editor of the 
JourNnaL of the American Roentgen Ray 
and Radium Societies from 1924 to 1930, 
and during his Editorship the JourNAL, as 
he had hoped and expressed in his first 
editorial, continued to maintain its na- 
tional and international prestige. 

He maintained throughout his life an in- 


VOL. 77> No 
tense interest in the JOURNAL, its progress 
and its welfare, contributing not only sci- 
entific articles but advice on the editorial 
management of the JouRNAL, which were 


eratefully received by those in charge of 


editing the JOURNAL. 

For the July, 1956 issue of the AMERICAN 
JouRNAL OF ROENTGENOLOGY, RADIUM 
THerapy & Mepicine—the 
Golden Anniversary year of the JouRNAL 
he wrote a splendid historical sketch of the 
American Roentgen Ray Society, which 
was one of the last contributions to medical 
literature that he made just before his 
death. 

Among the many honors that came to 
Doctor Christie was the presidency of the 
District of Columbia Medical Society, 
1931-1932. He held honorary member- 
ships in the Radiological Societies ot most 
of the nations of the world. He was the 
recipient of the award of Gold Medals from 
the Radiological Society of North America 
and the American College of Radiology. 
He was president of the American Roent- 
gen Ray Society and the American College 
of Radiology. 

In addition to Doctor Christie’s many 
publications dealing with current medical 
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and radiological problems, he published 
two books on X-rays and one on the eco- 
nomic problems of medicine. 

Doctor Christie served as a member of 
President Hoover’s committee on the Cost 
of Medical Care. At various times he was a 
consultant to the United States Public 
Health Service, Veterans Administration, 
Walter Reed Army Hospital and the Na- 
tional Cancer Institute. 

Throughout his life his exemplary atti- 
tudes of mind and his knowledge of the 
practice of medicine and radiology were a 
challenge to the older men; an example and 
stimulus to the younger men in the medical 
profession. 

Doctor Christie was a man of culture: 
“he had a mastery of words, a voice, a 
vigor, a freedom, a dignity,” which set him 
apart from the ordinary; therefore, when 
he spoke it was with authority. It is no 
wonder that his services were often sought, 
not only in professional matters but in 
civic affairs as well. His years were fruitful 
ones in the worthwhile things of life. He 
will long be remembered as a gentleman, 
scholar, doctor, organizer, teacher and one 
of the finest of friends. 

L. REYNOLDs 


We regret to announce the death on 
January 29, 1957, of Dr. George Pfahler, 
a distinguished member of the American 
Roentgen Ray Society. 
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WILLIAM ALBERT EVANS 
1907-1956 


HE writing of an obituary is an as 
signment accepted with mixed emo 
tions. It may be a not unwelcome task to 


chronicle the events in the lite of a senior 
citizen who has lived to see the fruition of 


his efforts and to enjoy the rewards of his 
labors in the presence of his friends and a 
family well reared. 


However, it is with great regret that we 
must record the untimely death on October 
14, 1956, of Doctor William A. Evans. This 
young radiologist had already accomplished 
much but he gave promise of much greater 
service to the science and practice of his 
chosen profession. The son of an illustrious 
physician and radiologist, Doctor William 
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A. Evans, Sr., his preparation for his career 
was of the finest and well calculated to de- 
velop the brilliant mind inherited from 
both of his parents. 

Doctor Evans was born January 14, 
1907, at Bellaire, Michigan, where his 
father was then in the general practice of 
medicine. His preparatory education was 
in the public schools of Detroit, after which 
he attended Williams College and was 
graduated in 1926. His medical degree was 
sranted by Johns Hopkins University in 
1930, and then followed an internship in 
Peter Bent Brigham Hospital and a period 
of study in the University Medical Clinic 
at Wurzburg. He returned to Peter Bent 
Brigham Hospital for additional training in 
internal medicine and was under the direc- 
tion of the great Doctor Christian until 
193, when he returned to Detroit to be- 
come associated with his father and Doctor 
Lawrence Reynolds. 

Intensive study of radiology led to po- 
sitions on the Radiologic Staffs of Harper 
and Marine Hospitals. However, the chal- 


lenge of the problems ot the radiology of 


children’s conditions soon influenced him 
to accept a position as radiologist to Chil- 
drens Hospital in Detroit. It was in this 
field that he did his greatest work in re- 
search, teaching, writing and consultative 
practice. In addition to directing the De- 
partment of Radiology, he was for the past 
several years Chief of Staff of Childrens 
Hospital, and his death has left a place in 
the scientific and administrative functions 
of that institution which is indeed difficult 
to fill. 

Doctor Evans enjoyed a position as As- 
sistant Professor of Radiology at Wayne 
State University, taking his responsibilities 
seriously. Fortunate indeed are those stu- 
dents, interns and residents who had the 
privilege of his tutelage. 

A seemingly tireless student, Doctor 
Evans’ contributions to the literature were 
numerous and varied. His earlier publica- 
tions in the field of internal medicine, pub- 
lished in leading scientific journals, in- 
cluded such subjects as myxedema, venous 
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pressure, peptic ulcer, colitis, diuresis, salt 
and water metabolism and several papers 
on circulation and blood volume studies. 
His radiologic writings, more familiar to 
the readers of this JouRNAL, included some 
thirty additional articles most of which 
dealt with some phase of pediatric radiol- 
ogy, although a number of general radio- 
logic subjects were dealt with as to ana- 
tomical or physiologic aspects. 

A member of the American Roentgen 
Ray Society, he was chairman of the Com- 
mittee on Scientific Exhibits for the annual 
meeting, and was a member of the Execu- 
tive Council. Included in his numerous 
affiliations were Fellowship in the Ameri- 
can College of Radiology and membership 
in the Radiological Society of North 
America. He was a past president of the 
Detroit Roentgen Ray and Radium So- 
clety. 

Doctor Evans served nearly four years 
in the Medical Corps of the United States 
Army. He was Radiologist and Senior 
Medical Officer at the Detroit Induction 
Center, and later was radiologist to large 
military hospitals in this country as well as 
in the Pacific theater of operations, where 
he served in New Guinea, the Philippines 
and Japan. His retirement rank was 
Lieutenant Colonel. 

Doctor Evans had unusual opportunities 
for travel and study, and the cultural side 
of life attracted to him a host of artistic and 
intellectual friends. He was an accom- 
plished musician and also passed a high 
degree of critical judgment on the fields of 
music, art and literature. His marriage to 
Charlotte Cushman, of similar cultural at- 
tainments, was fortuitous and resulted in a 
home life delightful to those fortunate 
enough to enjoy their hospitality. 

In addition to his wife, Doctor Evans is 
survived by a daughter, Elizabeth, and by 
his mother, Mrs. William A. Evans. His 
mourners include those of high and low 
estate for his benefactions were many and 
his contacts cosmopolitan. The loss to his 
immediate associates is irreplaceable. 


Wacrer Hatt, M.D. 
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SOCIETY PROCEEDINGS AND NEWS ITEMS 


MEETINGS OF RADIOLOGICAL SOCIETIES* 


Unirep STaTEs OF AMERICA 


AMERICAN ROENTGEN Ray SOCIETY 
Secretary, Dr. Barton R. Young, Germantown Hospital, 
Philadelphia 44, Pa. Annual meeting, Shoreham Hotel, 
Washington, D. C., Oct. 1-4, 1957. 

AMERICAN RapiuM SOCIETY 
Secretary, Dr. Theodore R. Miller, New York, N. Y. An 
nual meeting: Chateau Frontenac, Quebec, Canada, May 
30-June I, 1957. 

RADIOLOGICAL SocreETY OF NORTH AMERICA 
Secretary, Dr. D. S. Childs, 713 E. Genesee St., Syracuse 
2, N. Y. Annual meeting: To be announced. 

AMERICAN COLLEGE OF RADIOLOGY 
Executive Secretary, William L. Stronach, 20 N. Wacke r 
Drive, Chicago €, Illinois. Annual meeting: To be an 
nounced. 

Section on RaproLocy, AMERICAN MEDICAL AssOcriATION 
Secretary, Dr. T. Leucutia, Harper Hospital, Detroit 1, 
Mich. Annual Meeting, June 3-7, 1957, New York, N. Y. 

EIGHTH INTERNATIONAL CoNnGREsS OF RADIOLOGY 
Secretary General, Dr. José Noriega, Calle del Oro 15, 
Mexico 7, D. F. 

ALABAMA RADIOLOGICAL SOCIETY 
Secretary, Dr. J. A. Meadows, Jr., Medical Arts Bldg., 
Birmingham 5, Ala. Meets time and place Alabama State 
Medical Association. 

AMERICAN NUCLEAR SOCIETY 
Dr. L. D. P. King, Los Alamos Scientific Laboratory, 
Post Office Box 1663, Los Alamos, N.M. 

Arizona RADIOLOGICAL SOCIETY 
Secretary, Dr. R. Lee Foster, 1313 N. Second St., 
Phoenix, Ariz. Two regular meetings a vear. The annual 
meeting at time and place of State Medical Association 
and interim meeting six months later. 

ARKANSAS RADIOLOGICAL SOCIETY 
Dr. E. A. Mendelsohn, Holt-Krock Clinic, Fort Smith, 
Ark. Meets every three months and also at time and 
place of State Medical Association. 

AssociaATION OF University RADIOLOGISTS 
Secretary, Dr. David M. Gould, University of Arkansas 
Medical Center, Little Rock, Ark. Annual meeting, 
May, 1957 at the University of Minnesota. 

ATLANTA RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles M. Silverstein, 3254 Peachtree St. 
N.E., Atlanta, Ga. Meets monthly, except during thre 
summer months, on second Friday evening. 

BLockLy 
Secretary, Dr. Samuel Finkelman. 

BrookLyn RADIOLOGICAL SOCIETY 
Secretary, Dr. Harold N. Schwinger, 62 8th Ave., Brook 
lyn, N. Y. Meets first Thursday of each month October 
through May. 

BuFFALO RADIOLOGICAL SOCIETY 
Secretary, Dr. Charles Bernstein, 685 Delaware Ave., 
Buffalo, N. Y. Meets second Monday evening each 
month, October to May inclusive. 

CenTRAL New YorK RoentGEN Ray Society 
Secretary, Dr. Dwight V. Needham, 608 E. Genesee St., 
Syracuse, N. Y. Meets January, May, November. 

CENTRAL RADIOLOGICAL SOCIETY 
Secretary, Dr. Arthur R. Cohen, 41 S. Grant Ave., 
Columbus, Ohio. Meets at 6:30 p.m. on second Thursday 
of October, November, January, March and May at Fort 
Hayes Hotel, Columbus, Ohio. 


CENTRAL Society OF NuCLEAR MEDICINE 
Secretary, Dr. Robert S. Landauer, Radiation Center 
Building, 1903 West Harrison St., Chicago 12, III. 

CuicaGo ROENTGEN Society 
Secretary, Dr. Arthur S, J. Petersen, 11406 Parnell Ave, 
Chicago 28, Ill. Meets second Thursday of each month, 
October to April inclusive at the Sheraton Hotel 

CLEVELAND RADIOLOGICAL SOCIETY 
Secretary, Dr. A. S. Tucker, 2065 Adelbert Rd., Cleve 
land 6, Ohio. Meetings at 7:00 p.m. on fourth Monday of 
each month from October to April at Tudor Arms Hotel, 

CoLorabo RaDIOLoGIcAL Socrery 
Secretary, Dr. Lorenz R. Wurtzebach, 601 Nineteenth 
Ave., Denver, Colo. Meets third Friday of each month at 
Denver Athletic Club. 

Connecticut VALLEY RaproLocic SocietTy 
Secretary, Dr. T. J. Crowe, 53 Center St., Northampton, 
Mass. Meets second Friday October and April. 

Datvas-Fort WortuH RaApIoLocicaL CLuB 
Secretary, Dr. A. H. Keene, 3707 Gaston Ave., Dallas, 
Texas. Meets monthly, third Monday, at Greater Fort 
Worth International Airport at 6:30 P.M. 

Detroit RoENTGEN Ray AND Rapium Soctrery 
Secretary, Dr. Joseph O. Reed, Jr., Harper Hospital, 
Detroit, Mich. Meets monthly first Thursday, Oct, 
through May, at David Whitney House, 4421 Woodward 
Ave., at 6:30 P.M. 

East Bay RoENTGEN SOCIETY 
Secretary, Dr. Dan Tucker, 434 3oth St., Oakland 9, 
Calif. Meets first Thursday each month at Peralta 
Hospital, Oakland. 

FLoripa Society 
Secretary, Dr. C. Robert DeArmas 135 Broadway, 
Daytona Beach, Fla. Meets twice annually, in the spring 
with the annual State Society meeting, and in the fall. 

GEORGIA RADIOLOGICAL SOCIETY 
Secretary, Dr. B. H. Malone, 1406 Reynolds St., Bruns 
wick, Ga. 

GREATER Miamr RADIOLOGICAL SOCIETY 
Secretary, Dr. A. Capi, N, 2 th Ave Holls wood, 
Fla. Meets monthly third Wednesday at 8 p.m. at Mercy 
Hospital, Miami, Fla. 

GREATER St. Louts RADIOLOGICAL 
Secretary, Dr. Sam J. Merenda. 

Houston RADIOLOGICAL SOCIETY 
Secretary, Dr. John M. Phillips, 1203 Ross Sterling Ave., 
Houston 25, Texas. Meets fourth Monday each month, 
Meeting Room, Doctors’ Club of Houston. 

IpAHO STATE RADIOLOGICAL SOCIETY 
Secretary, Dr. Alfred M. Stone. St. Lukes Hospital, 
Boise, Idaho. Meets annually at same time as Idaho State 
Medical Association. 

RADIOLOGICAL 
Secretary, Dr. Stephen L. Casper, 1101 Maine St., 
Quincy, Ill. Meets three times a year. 

INDIANA ROENTGEN SOCIETY 
Secretary, Dr. C. A. Stayton, 313 Hume-Mansur Bldg., 
Indianapolis 4. Meets first Sunday in May and during 
fall meeting of Indiana State Medical Association. 

Iowa RapDIOLOGICAL 
Secretary, Dr. James T. McMillan, 1104 Bankers Trust 
Bldg., Des Moines, lowa. Luncheon and business meet- 
ing during annual session of Iowa State Medical Society. 
The scientific section is held in the autumn. 


* Secretaries of societies are requested to send timely information promptly to the Editor. 
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Kansas RADIOLOGICAL SOCIETY 
Secretary, Dr. A. M. Cherner, Hays, Kansas. Meets in 
spring with State Medical Society, and in winter on call. 

Kentucky RADIOLoGIcAL Sociery 
Secretary, Dr. David Shapiro, 217 East Chestnut St., 
Louisville 2, Ky. Meets monthly on second Friday at 
Seelbach Hotel, Louisville. 

Kines County RabIoLocicat Sociery 
Secretary, Dr. Ernest I. Melton, 2187 Ocean Ave., 
Brooklyn 19, N.Y. Meets Kings County Med. Soc. Bldg. 
monthly on fourth Thursday, October to May, 8:45 P.M. 

Los ANGELES RADIOLOGICAL SocreTY 
Secretary, Dr. Lewis J. Peha, 405 North Bedford Drive, 
Beverly Hills, Calif. Meets second Wednesday each 
month at Los Angeles County Medical Association 
Building, Los Angeles. 

Maine RapioLocicaL Society 
Secretary, Dr. Irving L. Selvago, Jr., Maine Medical 
Center, 22 Arsenal St., Portland, Maine. Meets in June, 
September, December and March. 

MARYLAND RADIOLOGICAL SOCIETY 
Secretary, Dr. Nathan B. Hyman, 1805 Eutaw Place, 
Baltimore, Md. 

MEMPHIS ROENTGEN SOCIETY 
Secretary, Dr. Dan C. Gary, 36 South Bellevue, Mem- 
phis 4, Tenn. Meets first Monday of each month at John 
Gaston Hospital. 

MraMi VALLEY RADIOLOGICAL SOCIETY 
Secretary, Dr. G. A. Nicoll, 134 Apple St., Dayton, Ohio. 
Meets second Friday of fall and winter months. 

Mip-Hupson Society 
Secretary, Dr. J. W. Walton, Horton Memorial Hospital, 
Middletown, N. Y. Meets 8:30 p.M., fourth Tuesday each 
month, September to May. 

MILWAUKEE ROENTGEN Ray Soctrery 
Secretary, Dr. R. W. Bryne, 3321 N. Maryland Ave., 
Milwaukee 1, Wis. Meets monthly on fourth Monday at 
University Club. 

MINNESOTA RADIOLOGICAL SOCIETY 
Secretary, Dr. O. J. Baggenstoss, 1953 Medical Arts 
Bldg., Minneapolis, Minn. Meets three times annually, 
once at time of State Med. Assn., and in spring and fall. 

MississtpP1 RADIOLOGICAL SOCIETY 
Secretary, Dr. James M. Packer, 621 High St., Jackson, 
Miss. Meets third Thursday of each month at Hotel 
Edwards, Jackson, at 6:00 P.M. 

MonTANA RADIOLOGICAL SOCIETY 
Secretary, Dr. John Stewart, 1105 Frederick Lane, 
Billings, Montana. Meets at least once a year. 

Nassau RApDIOLoGIcAL Society 
Secretary, Dr. Jerome Zwanger, 126 Hicksville Rd., Mas 
sapequa, L.. I., N. Y. Meets second Tuesday of the month 
in February, April, June, October and December. 

NEBRASKA RADIOLOGICAL SOCIETY 
Secretary, Dr. F. Kelly, 816 Medical Arts Bldg., 
Omaha, Neb. Meets third Wednesday of each month at 
6 p.M.in Omaha or Lincoln. 

New EnGLAND ROENTGEN Ray Soctrery 
Secretary, Dr. Raymond A. Dillon, 24 Wedgemere Ave., 
Winchester, Mass. Meets third Friday of each month, 
October through May, at Hotel Commander, Cam- 
bridge, Mass. 

New HampsuHireE ROENTGEN Ray SOCIETY 
Secretary, Dr. A. C. Johnston, Elliott Community Hos- 
pital, Keene, N. H. Meets four to six times yearly. 

New York RoenTGEN SOCIETY 
Secretary, Dr. John A. Evans, 525 East 68th St., New 
York 21, N. Y. Meets monthly on third Monday, New 
York Academy of Medicine, at 8:30 P.M. 

NortH Caro.ina RADIOLOGICAL SOCIETY 
Secretary, Dr. William H. Sprunt, North Carolina 
Memorial Hospital, Chapel Hill, N. C. Meets in May 
and October. 

NortH Dakota RaADIOLoGIcAL 
Secretary, Dr. Marianne Wallis, St. Joseph’s Hospital, 
Minot, N. D. Meetings by announcement. 

Nortu FLoripa RADIOLOGICAL 
Secretary, Dr. Marvin Harlan Johnston, Five Points 
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Medical Center, Jacksonville, Fla. Meets quarterly in 
March, June, September and December. 

NorTHEASTERN New YorK RADIOLOGICAL SOCIETY 
Secretary, Dr. Irving Van Woert, Jr., Albany Hospital, 
Albany, N. Y. Meets in Albany area on second Wednes- 
days of October, November, March and April. 

NorTHERN CALIFORNIA RADIOLOGICAL SOCIETY 
Secretary, Dr. H. B. Stewart, 2920 Capital Ave., Sacra- 
mento, Calif. Meets at dinner last Monday of each 
month, September to June. 

Ou1o State RADIOLOGICAL SOCIETY 
Secretary, Dr. John R. Hannan, 10515 Carnegie Ave., 
Cleveland 6, Ohio. Annual meeting, Dayton, May, 1957, 
to be announced. 

OKLAHOMA STATE Society 
Secretary, Dr. Sol Wilner, St. John’s Hospital, Tulsa, 
Okla. Three regular meetings annually. 

OreEGON RADIOLOGICAL SOCIETY 
Secretary, Dr. N. L. Bline, 210 Jackson Tower, Portland 
5, Ore. Meets monthly from October to June on the 
second Wednesday of each month at 8:00 P.M. at the 
University Club. 

OrLEANS PartsH RADIOLOGICAL SOCIETY 
Secretary, Dr. Joseph V. Schlosser, Charity Hospital, 
New Orleans 13, La. Meets first Tuesday of each month. 

Paciric NorTHWEST RADIOLOGICAL SOCIETY 
Secretary, Dr. J. R. Raines, 214 Medical-Dental Bldg., 
Portland 5, Oregon. Meets annually in May. 

Pactric ROENTGEN SOCIETY 
Secretary, Dr. L. H. Garland, 450 Sutter St., San Fran- 
cisco, Calif. Meets annually, during meeting of California 
Medical Association. 

PENNSYLVANIA RADIOLOGICAL SOCIETY 
Secretary, Dr. Walter P. Bitner, 234 State Street, Harris- 
burg, Pa. 

PHILADELPHIA ROENTGEN Ray Society 
Secretary, Dr. Roderick L. Tondreau, 3400 Spruce St., 
Philadelphia, Pa. Meets first Thursday of each month, 
at §$ p.M., from October to May in Thompson Hall, 
College of Physicians. 

PirrsBURGH ROENTGEN SOCIETY 
Secretary, Dr. N. B. Tannehill, 601 Jenkins Bldg., Pitts- 
burgh 22, Pa. Meets second Wednesday of month, Oc- 
tober through June at Hotel Roosevelt. 

RapioLocicaL Section, BALTIMORE MEDICAL SoctETY 
Secretary, Dr. Paul W. Roman, 1810 Eutaw Place, Balti- 
more 17, Md. Meets third Tuesday each month, Sep- 
tember to May, inclusive. 

RADIOLOGICAL SECTION, SOUTHERN MeEpIcaL AssoctaTION 
Secretary, Dr. Roy G. Giles, Temple, Texas. 

RADIOLOGICAL SocreETY OF GREATER CINCINNATI 
Secretary, Dr. Morris M. Garrett, 630 Scott St., Coving 
ton, Ky. Meets monthly from September to May on first 
Monday of each month at 7:30 p.m. at the Cincinnati 
General Hospital. 

RADIOLOGICAL Society oF Hawall 
Secretary, Dr. Richard D. Moore, St. Francis Hospital, 
Honolulu 17, T. H. Meets third Monday evening of each 
month at designated hospitals. 

RADIOLOGICAL SocreTy OF GREATER KANSAS CiTy 
Secretary, Dr. E. H. Stratemeier, Jr., 1010 Rialto Build- 
ing, Kansas City 6, Mo. Meets last Friday of each month. 

RADIOLOGICAL Society OF Kansas City 
Secretary, Dr. Arthur B. Smith, 800 Argyle Bldg., Kan- 
sas City, Mo. Meets third Thursday of each month. 

RADIOLOGICAL SociETY OF LOUISIANA 
Secretary, Dr. W. S. Neal, 602 Pere Marquette Bldg., 
New Orleans, La. Meets annually during Louisiana State 
Medical Society Meeting. 

RapIoLocicaL Soctety oF New JERSEY 
Secretary, Dr. G. G. Green, 601 Grand Ave., Asbury 

Park, N. J. Meets at Atlantic City at time of State 
Medical Society and in November in Newark, N. J. 

RADIOLOGICAL SocrETY OF SOUTHERN CALIFORNIA 
Secretary, Dr. Robert B. Engle, 2632 E. Washington St., 
Pasadena, Calif. 
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RicHMonD County RaproLocicaL Society 
Secretary Dr. W. F. Hamilton, Jr., University Hospital, 
Augusta, Ga. Meets first Thursday of each month at 
various hospitals. 

RocHesTER Roentcen Ray Society, Rocuester, N. Y. 
Secretary, Dr. Henry H. Forsyth, Jr., 40 Meigs St., Roch 
ester, N. Y. Meets at 8:15 p.m. on the last Monday of 
each month, September through May, at Strong Me- 
morial Hospital. 

Rocky Mountain Society 
Secretary, Dr. John H. Freed, 4200 East Ninth St., Den- 
ver 20, Colo. 

Sr. Louts Society oF RADIOLoGIsTs 
Secretary, Dr. Edwin C. Ernst, Jr., 3720 Washington Ave., 
St. Louis 8, Mo. Meets fourth Wednesday each month, 
except June, July, Aug. and Sept. 

San Anton1o-MILirary Society 
Secretary, Dr. Hugo F. Elmendorf, Jr., 730 Medical Arts 
Bldg., San Antonio 5, Texas. Meets Brooke Army Medi- 
cal Center Officers Mess second Wednesday of each 
month. 

San Dieco Rapio.ocicat Society 
Secretary, Dr. J. C. Asher, 2001 Fourth Ave., San 
Diego 1, Calif. Meets first Wednesday of each month at 
the University Club. 

San Francisco Society 
Secretary, Dr. Irma Smith, 450 Sutter St., San Francis- 
co 18, Calif. Meets quarterly at Grison’s Steak House. 

SecTION ON RapioLocy, CALIFORNIA MEDICAL AssocIATION 
Secretary, Dr. A. R. Wilson, 540 North Central Ave., 
Glendale 3, Calif. 

Section on RaproLtocy, Connecticut Strate ‘MEDICAL 
Society 
Secretary, Dr. J. Burbank, Meriden Hospital, Meriden, 
Conn. Meetings are held bi-monthly. 

Section on Raprotocy, Mepicat Society or THE 
TRICT OF COLUMBIA 
Secretary, Dr. Melvin O. Goodman, 1930 K St., N.W., 
Washington 6, D. C. Meets Medical Society Library, 
third Wednesday of January, March, May and October 
at 8:00 P.M. 

Section On Raprotocy, State Mepicat Society 
Secretary, Dr. George E. Irwin, Jr., 703 N. East St., 
Bloomington, Ill. 

SHREVEPORT RADIOLOGICAL CLUB 
Secretary, W. R. Harwell, 608 Travis St., Shreveport, 
La. Meets monthly on third Wednesday, at 7:30 P.M. 
September to May inclusive. 

Society oF Nuciear MEDICINE 
Secretary, Dr. Robert G. Moffat, B. C. Cancer Institute, 
2656 Heather Street, Vancouver 9, Canada. Annual! 
meeting to be announced. 

Soutu Bay RaDIoLocIcaL Society 
Secretary, Dr. T. N. Foster, 630 E. Santa Clara St., San 
Jose, Calif. Meets second Wednesday of each month. 

Soutu Carona RaDIOLocIcAL Society 
Secretary, Dr. S. W. Lippincott, 103 Rutledge Ave., 
Charleston, S. C. One meeting with South Carolina 
Medical Association in May, others arranged by Presi- 
dent. 

SOUTHWESTERN RADIOLOGICAL SOCIETY 
Secretary, Dr. Gordon Black, Suite 2-A, El Paso Medical 
Center, 1501 Arizona, El Paso, Texas. Meets second 
Tuesday of each month. 

TENNESSEE RADIOLOGICAL SOCIETY 
Secretary, Dr. G. K. Henshall, 311 Medical Arts Bldg., 
Chattanooga, Tenn. Meets annually at the time and 
place of the Tennessee State Medical Association. 

Texas RADIOLOGICAL SocIETY 
Secretary, Dr. J. E. Miller, Baylor Hospital, Dallas, 
Texas. 

Tri-State RapioLocicat Society 
Secretary, Dr. Robert E. Beck, 600 Mary St., Evans- 
ville, Ind. Meets last Wednesday of Oct., Jan., March 
and May, 8:00 p.m. at Elks’ Club in Evansville. 

Universiry OF MicuiGAN DEPARTMENT OF ROENTGEN- 
otocy Starr MEETING 

Meets each Monday evening from September to June, 
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at 7:00 p.m, at University Hospital. 

University oF Wisconsin RapIoLocicaL CONFERENCE 
Secretary, Dr. E. A. Pohle, 1300 University Ave., Madi- 
son, Wis. Meets first and third Thursdays 4:00 to 5:99 
p.M., September to May, Service Memorial Institute, 

Upper PENINSULA RADIOLOGICAL SocIETY 
Secretary, Dr. A. Gonty, Menominee, Mich. 
quarterly. 

Uran Strate Rapio.ocica Society 
Secretary, Dr. Angus K. Wilson, 343 S. Main St., Salt 
Lake City 1, Utah. Meets fourth Wednesday in January, 
March, May, September and November at Holy Cross 
Hospital. 

VirciniA SocieTY 
Secretary, Dr. P. B. Parsons, Norfolk General Hospital, 
Norfolk, Va. Meets annually in October. 

WASHINGTON STATE RaDIOLoGICcAL Society 
Secretary, Dr. Eva L. Gilbertson, 1317 Marion St, 
Seattle 4, Wash. Meets fourth Monday of each month 
from September through May at 610 Pine St., Seattle. 

West VirGcintA RADIOLOGICAL SOCIETY 
Secretary, Dr. W. Paul Elkin, 515 Medical Arts Bldg., 
Charleston, W. Va. Meets concurrently with annual 
meeting of West Virginia State Medical Society; other 
meetings arranged by program committee. 

WESTCHESTER RADIOLOGICAL SOCIETY 
Secretary, Dr. M. G. Priestman, New Rochelle Hospital, 
New Rochelle, N. Y. Meets on third Tuesday of January 
and October and on two other dates. 

WISCONSIN RADIOLOGICAL SOCIETY 
Secretary, Dr. Farrell F. Golden, 5221 Tonyawatha Trail, 
Madison, Wis. Special meetings held during year; annual 
meeting each spring at Madison, Wis. 

X-Ray Srupy Cus or SANn Francisco 
Secretary, Dr. J. T. English, 2000 Van Ness Ave., San 
Francisco 9, Calif. Meets monthly, third Thursday at 
7245 p.M., Lane Hall, Stanford University Hospital. 


Meets 


Cusa, Mexico, Puerro Rico anp CenTRAL AMERICA 


SocrEDAD DE RapioLocfa y Fis1orerRAPIA DE CuBA 
President, Dr. J. Manuel Viamonte, Hospital Mercedes, 
Habana, Cuba. Meets monthly in Habana. 

SoclEDAD CosTARRICENSE DE RADIOLOGIA 
Secretary, Dr. James Fernandez Carballo, Apartado VIII, 
San Jose, Costa Rica. 

SocreDAD Mexicana DE Rapro.ocfa, A. C. 

Calle del Oro No. 15, Mexico 7, D. F. 
Secretary General, Dr. Guillermo Santin. Meets first Mon- 
day of each month. 

AsocraciOn PuERTORRIQUENA DE 
Secretary, Dr. R. B. Diaz Bonnet, Suite 504, Professional 
Bldg., Santurce, Puerto Rico. 

SocteDAD PANAMENA 
Secretary, Dr. L. Arrieta Sanchez, Apartado No. 86, 
Panama, R. de P. Meets monthly in a department of 
radiology of a local hospital, chosen at preceding meeting, 


British Empire 


ASSOCIATION OF RADIOLOGISTS OF THE PROVINCE OF QUEBEC 
Secretary, Dr. Isadore Sedlezky, 3755 Cote St. Catherine 
Rd., Montreal, Que. Meets four times a year. 

British InstirutE OF RapioLocy INCORPORATED WITH 
THE RONTGEN SocIETY 
Ordinary meeting, on the Thursday preceding the third 
Friday, October to May at 8:15 P.M. 

Medical Members’ meeting, on third Friday in each 
month at 5:00 P.M., 32 Welbeck St., London, W 1 

Facutty oF 
Honorary Secretary, Dr. R. A. Kemp Harper, 45, Lincoln's 
Inn Fields, London, W.C.2, England. 

Section oF Rapio.ocy or THE Roya. Society or MebI- 
cINE (ConFrineD To MepicaLt MemBeErs) 

Meets third Friday each month at 4:45 P.M. at the Royal 
Society of Medicine, 1 Wimpole St., London. 

CANADIAN ASSOCIATION OF RADIOLOGISTS ' 

Honorary Secretary-Treasurer, Dr. Guillaume Gill, Suite 

305, 1555 Summerhill Avenue, Montreal 25, Que. Meet- 

ings January and June. 
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Section OF RapioLocy, Canapian Mepicat Association 
Secretary, Dr. C. M. Jones, Inglis St., Ext. Halifax, N. S. 
SociETE CANADIENNE-FRANGAISE D’ELEcTRO-RADIOLOGIE 
MEDICALES 
General Secretary, Dr. Ls Ivan Vallée, 1058 rue St-Denis, 
Montreal 18, Canada. Meets third Saturday each month. 
OF RaproLocists (AusTRALIA AND New Zea- 
LAND) 
Honorary Secretary, Dr. Alan R. Colwell, c/o British 
Medical Agency, 135 Macquarie St., Sydney, N.S.W. 


SoutH AMERICA 


AsoctacIon ARGENTINA DE RADIOLOGIA 
Secretary, Dr. Lidio G, Mosca, Avda. Gral. Paz 151 
Cérdoba, Argentina. Meetings held monthly. 

SociEDAD ARGENTINA DE RaproLocia, JuntA CENTRAL, 
Buenos AIRES 
Secretary, Dr. Oscar F. Noguera, Santa Fe 1171, Buenos 
Aires. Meetings are held monthly. 

SoctEDAD ARGENTINA DE Det LiroraL, 
Seve, Rosario 
President, Dr. Francisco P. Cifarelli. Meets monthly sec- 
ond Wednesday, 19 ha 663 Italia St., Rosario, Santa 
Fe. 

SocieDAD ARGENTINA DE Rapro.ocia, FILiaL Det Ser, 
Sepe, La 
President, Prof. Dr. Jose P. Uslenghi, La Plata. Meets 
monthly. 

SoclEDAD ARGENTINA DE Rapio.ociA, FILIAL DEL CENTRO 
Seve, CORDOBA 
President, Prof. Dr. David L. Caro, Corro 86, Cérdoba. 
Meets monthly. 

SoclEDAD ARGENTINA DE Rapro.ociA, DEL Norte, 
Seve, TucuMAN 
President, Dr. Julio Mendez Valladares, Rivadavia 358, 
Tucuman. Meets monthly. 

SoclEDAD ARGENTINA DE Rapro.ocia, DE Cuyo 
Sepe, MeNnpoza. 

President, Dr. J. A. Orfila, Hospital Central, Mendoza. 
Meets monthly. 

SoclEDADE BrasILEIRA DE Raprotocia Mepica 
Secretary, Dr. Nicola Caminha, Av. Mem. de Sa, Rio de 
Janeiro, Brazil. Meets monthly, except during January, 
February and March. 

SoclEDADE BrASILEIRA DE RADIOTERAPIA 
Secretary, Dr. Oscar Rocha von Pfuhl, Av. Brigadeiro 
Luiz Antonio, 644 Sao Paulo, Brazil. Meets monthly on 
second Wednesday at 9:00 P.M. in Sao Paulo at Av. 
Brigadeiro Luiz Antonio, 644. 

SocteEDAD CHILENA DE RADIOLOGIA 
Secretary, Dr. Armando Doberti, Merced 565, Santiago, 
Chile. Meets fourth Friday of each month. 

SociEDAD COLOMBIANA DE RADIOLOGIA 
Secretary, Dr. Luis E. Lozano B., Carrera 12 No. 20-69, 
6° piso, Bogota, Colombia. Meets last Thursday cf each 
month, 

SociteDAD EcuaroriaANA DE RADIOLOGIA Y FISIOTERAPIA 
Secretary, Dr. Enrique Ortega Guzman, Casilla 4719, 
Guayaquil, Ecuador. 

SoclEDAD PEruUANA DE RADIOLOGIA 
Secretary, Dr. Luis Pinillos G. Apartado 2306, Lima, 
Peru. Meets monthly except during January, February 
and March, at Asociacién Médica Peruana “Daniel A. 
Carrién,” Villalta 218, Lima. 

SOcIEDAD DE RADIOLOGIA DEL ATLANTICO 
Secretary, Dr. Raul Fernandez, Calle 40 #41-110, Baran- 
quilla, Colombia. Society meets monthly at the Instituto 
de Radiologia. 

SocleDAD RaproLtocia, CANcEROLOG{fA Ffsica 
Mepica pet UruGuay 
Secretary General, Dr. Roberto Francois, Av. Agraciada 
1464, Piso 13, Montevideo, Uruguay. 

SoclEDADE DE RADIOLOGIA DE PERNAMBUCO 
Secretary, Dr. Manoel Medeiros, Instituto de Radiologia 
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da Faculdade de Medicina da Universidade do Recife, 
Caixa Postal 505, Pernambuco, Brazil. 

VENEZOLANA DE RapIo.ocfa 
Secretary, Dr. Otto Paz, Centro Médico, Caracas, Vene- 
zuela. Meets monthly third Friday at Colegio Médico del 
Distrito Federal, Caracas. 


ConTINENTAL Europe 


AustrIAN ROENTGEN SOCIETY 
President, Dr. Konrad Weiss, Mariannengasse 10, 
Vienna 9, Austria. Meets second Tuesday of each month 
in Allgemeine Poliklinik. 

SociéTE BELGE DE RADIOLOGIE 
General Secretary, Dr. S. Masy, 256 Chaussée de Wavre, 
Heverlee-lez-Louvain, Belgium. Meets monthly, second 
Sunday at Maison des Médecins, Brussels. 

SociETE FRANCAISE MEDICALE, 
and its branches: pu Sup-Ouest, pu Litrorat 
MEDITERRANEEN, DU CENTRE ET DU LYONNAIS, DE 
L’OueEstT, DE L’Est, ET D’ALGER ET D’AFRIQUE DU NorpD 
Secretary-General, Dr. A. Dariaux, 9 bis, Boulevard 
Rochechouart, Paris [X*, France. 

CESKOSLOVENSK SPOLECNOST PRO RENTGENOLOGII A 
v Praze 
Secretary, Dr. Roman Blaha, Praha xu, stat. nemocnice, 
Czechoslovakia. Meets monthly except during July 
August, and September. Annual general meeting. 

DeutscHE RONTGEN-GESELLSCHAFT 
Secretary, Dr. med. Peter Kroker, Evangelisches Kran- 
kenhaus, Huyssens Stiftung, (22a) Essen. 

Societa ITALIANA D1 Raprotocia Mepica 
Secretary, Prof. Mario Ponzio, Ospedale Mauriziano, 
Torino, Italy. Meets biannually. 

NEDERLANDSE VERENIGING VOOR ELECTROLOGIE EN 
ROENTGENOLOGIE 
Secretary, Dr. B. J. Rethmeier, Bornsestraat 378, Almelo 
Netherlands. 

Society oF RADIOLOGY 
Secretary, Dr. Juljusz Borejko, 59 Nowogrodzka St., War. 
saw, Poland. 

GpaANnsK Section, PottsH Society oF RADIOLOGY 
Secretary, Dr. A. Smigielska, Akademia Lekarska, 
Gdansk. Meets monthly last Sunday at 10:30, X-Ray 
Dept., Akademia Gdansk. 

Wroctaw Section, Society or RaDIoLocy 
Secretary, Dr. R. Marciniak, Akad. Medyczna Wroclaw, 
68 Curie-Sklodowska St., Wroclaw, Poland. Meets first 
Sunday of each month, X-Ray Department, Akademia 
Medyczna Wroclaw. 

SoctETATEA ROMANA DE RapIOLocie st ELECTROLOGIE 
Secretary, Dr. Oscar Meller, Str. Banual Maracine, 30 
S.I., Bucuresti, Roumania. Meets second Monday in 
every month with the exception of July and August. 

Att-Russtan RoentGEN Ray AssocraTion, LENINGRAD 
USSR in the State Institute of Roentgenology and 
Radiology, 6 Roentgen St. 

Secretaries, Drs. S. A. Reinberg and S. G. Simonson. 
Meets annually. 

SCANDINAVIAN ROENTGEN SOCIETIES 
The Scandinavian roentgen societies have formed a joint 
association called the Northern Association for Medical 
Radiology, meeting every second year in the different 
countries belonging to the Association. 

SocteDAD EspaNOLa DE Y ELECTROLOGIA 
Secretary, Dr. D. Aureo Gutierrez Churruca, Esparteros, 
No. 9, Madrid, Spain. Meets monthly in Madrid. 

ScHWEIZERISCHE ROnTGEN-GesELLscHAFT (SocréTE- 
Suisse DE RADIOLOGIE) 

Secretary, Dr. Max Hopf, Effingerstrasse 47, Bern, 
Switzerland. 


INDIA 
INDIAN RADIOLOGICAL ASSOCIATION 


Secretary, Dr. R. F. Sethna, Navsari Building, Hornby 
Road, Bombay 1, India. 


The list of Meetings of Radiological Societies is published in every other issue of the JourNAL. 
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THE AMERICAN RADIUM SOCIETY 
PRELIMINARY PROGRAM 


The following is the tentative program 


which has been arranged by the Program 
Committee and the Committee on Arrange- 
ments under the chairmanships of Dr. 
Norman McCormick, President, and Dr. 
Carleton B. Peirce, respectively, for the 
Thirty-ninth Annual Meeting of the Ameri- 


an Radium Society to be held at the 


Chateau Frontenac, Quebec City, in the 
Province of Quebec, Canada, Wednesday 


t 


J 


9 


hrough Saturday, May 29, 30, 31, and 


une I, 1957. 
Wednesday, May 29, 1957 


:30 A.M.—4:00 p.M. Meeting of the Executive 
Committee 


4:30 P.M.—6: 30 p.m. Registration 


6: 


00 P.M.-8:00 p.M. Reception tendered by the 
Canadian Association otf Radiologists to 
Members and Guests of the American Ra- 
dium Society. Salon Champlain, The Cha 
teau. 


Thursday, May 30, 1957 
Registration: 8:30 A.M. 
Opening Session: 9:00 4.M. Ballroom 
The Chateau 


:00 A.M. Convening of the Thirty-ninth An- 
nual Meeting. Norman McCormick, M.D., 
Windsor, Ontario. 


Scientific Session: 9:00 A.M.-12:00 M, 
Chairman: Douglas fF. Roberts, M.D., 
Hartford, Conn. 
10 A.M. Presidential Address. Norman 
Cormick, M.D., Windsor, Ontario. 
>25 A.M. Gordon E. Richards Memorial Lec- 
ture (Courtesy of the Ontario Cancer Treat 


Me 


ment and Research Foundation): The Newer 
Knowledge of the Structure of Normal and 
Malignant Cells Obtained by Electron M1i- 
croscopy. Arthur W. Ham, M.D., Toronto, 
Ontario. 

0:00 A.M. A High Resolution X-ray Micro 
scope. E. Dale Trout, B.Sc., D.Sc., Mil- 
waukee, Wis. 

0:25 A.M. End Results and Treatment of 
Cancer of the Hypopharynx. John V. Blady, 
M.D., Philadelphia, Pa. 


8:00 p.M. Dinner (Informal) at 


g: 


9:30 A.M. Rotation Therapy 


9:45 A.M. Rotation Therapy at the 2 


10:50 A.M. Carcinoma of the Larynx. W. §, 
MacComb, M.D., and Gilbert H. Fletcher, 
M.D., Houston, Texas. 

11:15 A.M. Electrolyte Balance Studies in the 
Postradiation State. H. N. Bane, M.D., and 
J. J. Nickson, M.D., New York, N. Y. 

11:50 A.M. Executive Session. 

12:00 M. Luncheon to be procured by members 
and guests ad libitum in the Main Dining 
Room Dining Room of The 
Chateau or in several nearby restaurants. 


or ‘Terrace 


Afternoon Session: 2:00-5:00 P.M. 


Chairman: George IV’. Waterman, M.D. 
Providence, R. I. 
:00 p.M. Round Table Conference: Treatment 
of Cancer of the Lung. Douglas Quick, M.B., 
New York, N. Moderator. 


to 


4:20 p.M. A Study of Cancer of the Esophagus 


Treated by Cobalt 60 Beam Therapy. Ivan 
H. Smith, M.D., and Stewart Lott, M.D., 
London, Ontario. 


4:45 p.M. Malignant Tumors of the Salivary 


Glands. Robert A. Mustard, M.D., ‘Toronto, 
Ontario. 

30-7 P.M. Reception Members and 
Guests of the American Radium Society at 
Laval University. 


tor 


Manoir Saint 


Castin, Lac Beauport. (Transportation by 


buses from Laval University and return, or 
private cars, as desired.) 
Friday, May 31, 1957 
Morning Session: 9:00 4.M.-12:00 
Chairman: Dr. ‘Fesshill Love, Loutsville, Ky. 
Symposium on Rotation Therapy 


4.M. The Development of Rotation Ther- 
apy. Sidney J. Hawley, M.D., Seattle, Wash. 


9:15 A.M. The Physical Aspects of Rotation 


Therapy. Harold Johns, Ph.D., ‘Toronto, 
Ontario. 

; y at the 250 Kv. 
Level. Robert Robbins, MLD... Philadelphia, 
Pa. 

Million 
Electron Volt Level. Milford D. Schulz, 
M.D., Boston, Mass. 


10:00 A.M. Supervoltage Rotation Irradiation 


> 


| 
} 
9 
I 
I 
§52 


on 


3:15 p.m. High Dose 
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of Carcinoma of the Head and Neck. Milton 
Friedman, M.D., Martha EF. Southard, M.D., 
and William H. Ellett, B.S., New York, 
N. Y. 

10:16 A.M. Horizontal Rotation Therapy with 
the Cobalt 60 Unit. James W. J. Carpender, 
M.D., Chicago, Ill. 

10:30 A.M. Three Years’ Clinical Experience 
with the Theratron. John H. Maus, M.D., 
Windsor, ( ntario. 

10:45 A.M. Preliminary Report on Clinical 
Betatron Therapy with Consideration of the 
Applicability of Rotation. Morton M. Kliger- 
man, M.D., Norah duV. Tapley, M.D., and 
Ginette Jacob, 1.2, New York, N. by 

11:00 A.M. Intermission. 

11:05 A.M. Round Table Discussion of the pre- 
ceding eight papers by Drs. Hawley, Johns, 
Robbins, Schulz, Friedman, Carpender, 
Maus and Kligerman. Robert Robbins, 
M.D., Philadelphia, Pa., Moderator. 


12:00 M. Luncheon ad libitum as on Thursday. 


Afternoon Jesston: 2:00-5:00 P.M. 
Theodore Miller, M.D.., 
New York, N. Y. 


:00 p.M. Spectrum Tonizing Energy Require- 


Chairman: 


to 


ments for a Therapeutic Center. Carleton B. 
Peirce, M.D., and Jean Bouchard, M.D., 
Montreal, Quebec. 


to 


:25 p.M. Requirements of A.E.C. for Training 


Programs Pertaining to the Clinical Use of 


Radioactive Isotopes. Edith H. Quimby, 
Ph.D., New York, N. 2 

50 p.M. The Use of Interstitial Radium Dose 
Rate Tables for ¢ Radioactis e Isotopes. 
John Hale, M.S., Philadelphia, Pa. 


Prolonged ‘Time Radia- 
tion Therapy: Preliminary Report. J. Robert 


Andrews, M.D., Bethesda, Md. 


3:40 P.M. Systemic Effects and Therapeutic 


Value of Whole Body X-radiation of Patients 
with Generalized Neoplastic Disease. Gilbert 


H. Fletcher, M.D., Lowell S. Miller, M.D., 
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and Warren K. Sinclair, Ph.D., Houston, 
Texas. 


715 p.M. The Janeway Lecture: Contributions 


of Biology to Radiation. Simeon T. Cantril, 
M.D., Seattle, Wash. 


p.M. Executive Session. 
:30 p.m. Cocktails: Reception for Members 


and Guests of the American Radium Society 
by the Radium Chemical Company. 


:30 p.M. Annual Banquet: Ballroom of The 


Chateau (followed by dancing). 


Saturday, ‘fune 1, 1957 
Morning Session 9:00 A.M.-12:00 M. 
Chairman: Franklin L. Payne, M.D., 

Philadelphia, Pa. 

4.M. Problems Concerning the Diagnosis 
and Treatment of Cervical Carcinoma in 
situ. Paul A. Younge, M.D., Brookline, 
Mass. 


725 A.M. Radiosensitivity Testing in Cervix 


Cancer, S. B. Gusberg, M.D., New York, 


:50 A.M. Late Results of Radiotherapy for 


Cancer of the Cervical Stump. Robert E. 
Kricke, M.D., and David G. Decker, M.D., 
Rochester, Minn. 
715 A.M. Effects of Irradiation on Proven 
Metastatic Nodes from Cancer of the Breast 
and Cervix. Ruth Guttmann, M.D., New 
York, N. Y. 
740 A.M. Carcinoma of the Female Urethra. 
C. Bernard Brack, M.D., and Robert J. 
Dickson, M.D., Baltimore, Md. 
5; A.M. Mechanisms of the Anemia of Neo- 
plastic Disease. George A. Hyman, M.D., 
New York, N. 
:30 A.M. Space Dose Relationship for Points 
\ and Bin the Treatment of Uterine Cervical 
Cancer. George Lewis, M.D., Hale, 
M.S., and A. Raventos, M.D., Philadelphia, 
Pa. 
Executive Session. 

p.M. Buffet Luncheon for Members and 
Guests: Courtesy Atomic Energy of Canada 
Limited. 
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BOOK REVIEWS 


Books sent for review are acknowledged under: Books Received. This must be regarded as a sufficient return 
for the courtesy of the sender. Selections wll be made for review in the interest of our readers as Space permits. 


THe Tuyrorp. By Sidney C. Werner, M.D., 
Sc.D. (Med.), Editor. Cloth. Price, $20.0 
Pp. 789, with 130 illustrations and 65 tables. 
Paul B. Hoeber, Inc., 49 East 33rd Street, 
New York 16, New York, 1955. 


There is a vast amount of information, all of 


it authoritative and up-to-date, presented in 
this exhaustive treatise on the thyroid. 

The text is divided into three parts, the first 
dealing with thyroid physiology, the thyro- 
tropic secretion of the anterior pituitary, the 
effects of steroids and STFess, the biochemistry 
of the thyroid hormone and the comparative 
and microscopic anatomy of the thyroid. 

The second part discusses the various labora- 
tory methods and includes basal metabolism, 
serum precipitable iodine, and serum choles- 
terol. There is a full discussion of radioiodine as 
well as on outline of miscellaneous tests. 

The third or clinical part deals with embryo- 
logic development, surgical anatomy and pa- 
thology and covers the entire range of thyroid 
disease. 

All of the capably prepared contributions 
have been coordinated by the editor into a vol- 
ume that should adequately fulfill the needs of 
those concerned with the thyroid problem. 

S. Reveno, M.D. 


THE Bioop-Brain Barrier. By Louis Bakay, 
M.D., F.A.C.S., Instructor in Surgery, 
Harvard Medical School; Assistant in Neuro 
surgery, Massachusetts Hospital, 
Boston, Massachusetts. Cloth. Price, $5.5¢ 
Pp. 154, with 32 illustrations and to tables. 
Charles C Thomas, East 
Lawrence Avenue, Springfield, Illinois, 1956. 


General 


Publisher, 301 


This is the first comprehensive monograph 
dealing with the blood-brain barrier since the 
introduction of radioactive tracer techniques. 
Prior investigations had been limited largely to 
the use of semicolloidal or colloidal! dyes which 
often led to confusing and controversial results, 
depending upon the circumstances of the ex- 
periment; 7.e., the molecular size and related 
mobility of the dye ion, the electrical charge, 


the lipoid solubility, the protein binding charac- 
teristics otf the molecule and the toxicity of the 
dye to the barrier. 

The author reviews this early work concisely 
and critically. He is in agreement with the con- 
cept that the anatomic site of the barrier lies 
either in the vascular endothelium or the pia- 
glia membrane although other mechanisms 
have been considered. The author would ap- 
pear to favor the vascular endothelium rather 
than the pia-glia membrane, but he does not 
take into consideration rather convincing re- 
cent evidence produced by Tschirgi in favor of 
the latter site. 

The concept that the barrier balance is like a 
could be 
elaborated upon in greater detail, but a large 


cell membrane in many _ respects 
amount of data is utilized in discussing the 
essential physiologic problem of barrier func- 
tion which prevents rapid exchange of electro- 
lytes between the blood plasma and extracellu 
lar fluid of the brain in spite of an extremely 
rich cerebral blood flow. 

Doctor Bakay’s data are well presented with 
clear charts and the reproductions of radio- 
autographs are superb. He has realized that 
passage of electrolytes through the barrier is a 
rate phenomenon and must be studied quanti- 
tatively. 

The most valuable part of the book to the 
neurological surgeon, neurologist and _ radiolo- 
gist will be the latter chapter dealing with the 
penetration of radioactive phosphate ions into 
cerebral lesions. This is the most complete and 
critical presentation of this subject yet to have 
been published. 

Since a mass of controversial and confusing 
data both from the author’s experiments and 
from the literature is presented, a short sum- 
mary at the end of each chapter would have 
been helpful. Otherwise the book is excellent in 
form. There is a detailed table of contents as 
well as a sound bibliography. In summary, this 
monograph is highly recommended to physiolo- 
gists interested in blood-brain barrier function 
and to those neurological surgeons, neurologists 
and radiologists who are utilizing the radioac- 
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tive tracer techniques as an aid in the localiza 
tion of cerebral lesions. 


Joun FE. Apams, M.D. 


NucLEAR AND RADIOCHEMISTRY; REvISED VER- 
sion OF INTRODUCTION TO RADIOCHEMISTRY. 
By Gerhart Friedlander, Senior Chemist, 
Brookhaven National Laboratory; and 
Joseph W. Kennedy, Professor of Chemistry, 
Washington University, St. Louis. Cloth. 
Price, $7.50. Pp. 468, with 13 illustrations. 
John Wiley & Sons, Inc., 440 Fourth Avenue, 
New York 16, New York, 1955. 


This book, intended as a text for an intro- 
ductory course on the subjects indicated in the 
title at the graduate or senior undergraduate 
level, is really the revised edition of the authors’ 
“Introduction to Radiochemistry,” first pub- 
lished in 1949. It consists of 13 chapters and 
seven appendices which are devoted for the 
most part to the multiple aspects of radioac- 
tivity, both natural and artificial. As a matter 
of fact, truly chemical arguments are limited 
to about one fifth of the volume and specifically 
to target chemistry and tracers in chemical ap- 
plications. This book, therefore, is to be re- 
garded mainly as an introductory text on 
radioactivity and nuclear physics, very ably 
written and very readable. 

The coverage is vast, but devoid of mathe- 
matical detail. It is supplemented in each chap- 
ter by a sound bibliography and a good number 
of problems which the authors understandably 
consider an integral part of the course. 

There is no doubt in the reviewer’s mind that 
this volume can be a valuable aid to the radiolo- 
gist ambitious enough to keep abreast of the 
latest developments in the study of the nucleus 
and of the current techniques of radionuclide 
production and measurement. 

Kor the radiological physicist, this textbook 
should prove a concise reference work for prac- 
tically all that needs to be known in practice on 
the fundamental physics of the nucleus, and a 
valuable aid in the teaching of radioactivity to 
medical students. It matters not, in our opinion, 
that some errors, such as the calculations of the 
60 have 
crept into the text. The authors seem to have 
maintained a very good sense of balance in 
conveying to the reader the essence of the sub- 
ject without including too many details. The 
teacher will probably attend to any shortcom- 


gamma ray dose in roentgens from Co 


Books Received 


ings in return for the valuable didactic aid that 
the book will provide. 
L. D. MarRInELLI 


Orat CANCER AND TuMORS OF THE Jaws. By 
George S. Sharp, M.D., F.A.C.S., F.A.C.R. 
(Ther.), Professor of Pathology, School of 
Dentistry, Assistant Clinical Professor of 
Surgery, School of Medicine, University of 
Southern California, and Director, Pasadena 
Tumor Institute; Weldon K. Bullock, M.D., 
M.Sc. (Path.), Associate Clinical Professor 
of Pathology, School of Medicine, University 
of Southern California, and Surgical Patholo- 
gist, Los Angeles County Hospital; and 
John W. Hazlet, D.D.S., Lecturer, Oral 
Tumor Pathology, School of Dentistry, Uni- 
versity of Southern California. Cloth. Price, 
$15.00. Pp. §61, with numerous illustrations. 
McGraw-Hill Book Company, Inc., 330 
West 42nd Street, New York 36, New York, 
19 $6. 

The authors state that the purpose of this 
work is to provide a manual for the recognition 
of oral cancer, to illustrate with text and photo- 
graph the difference between benign and malig- 
nant tumors, and to help the general practi- 
tioner and dentist arrive at a differential diag- 
nosis of a particular lesion by inspection and 
palpation prior to confirmation by biopsy. The 
material studied consists of 1,020 Cases seen at 
the Pasadena Tumor Institute and the Los 
Angeles County Hospital. The various sections 
deal with benign and malignant tumors of the 
oral mucosa, accessory cavities and the jaws. 
An unusually large number of photographs and 
roentgenographic reproductions illustrate not 
only the primary lesions seen in these regions 
but also the secondary manifestations of many 
generalized diseases. Although this book is 
written as a diagnostic manual, brief descrip- 
tions of treatment and prognosis are placed at 
the end of each chapter. 

This is the most comprehensive treatise that 
has come to the reviewer’s attention and both 
diagnostic roentgenologists and radiotherapists 
will find it an invaluable reference book. 


CuHartes L. Martin, M.D. 


BOOKS RECEIVED 


AnnuAL Review or NucLear Science. VoLume 6. 
James G. Beckerley, Editor, Schlumberger Well 
Surveying Corporation; Martin D. Kamen, As- 
sociate Editor, Washington University Medical 
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School; and Leonard I. Schiff, Associate Editor, 
Stanford University. Cloth. Price, $7.00. Pp. 471, 
with numerous illustrations and tables. Annual 
Reviews, Inc., Stanford, California, 1956. 


RapDIOLoGy OF THE Heart AND Great VEsseELs. By 
Robert N. Cooley, M.D., Professor and Chairman 


of the Department of Radiology, University of 


Texas, Medical Branch, Galveston, Texas; and 


Robert D. Sloan, M.D., Professor and Director of 


the Department of Radiology, University of 
Mississippi Medical Center, Jackson, Mississippi. 
Cloth. Price, $12.00. Pp. 309, with 19¢§ illustra- 
tions. The Williams & Wilkins Co., Mt. Royal and 


Guilford Avenues, Baltimore 2, Maryland, 1956. 


Mepicat ReE- 
SEARCH: A CONFERENCE SPONSORED BY THE 
MepicaL Division, Oak RipGe INstTiruTE OF 
NuCLEAR STUDIES, OcToBER 1955 (UNITED STATES 
Aromic Enercy Commission). Edited by Granvil 
C. Kyker and Elizabeth B. Anderson. Paper. 
tables. Available from the Office of Technical 
Services, Department of Commerce, Washington 


25, D. C., 1956. 


TREATISES IN THE PER 
SPECTIVE OF BrioLoGy, CHEMISTRY, AND Puysics. 
Edited by Robert C. Mellors, M.D., Ph.D., As- 
sociate, Pathology Division, Sloan-Kettering In- 
stitute for Cancer Research; Assistant Pathologist, 
Memorial Center for Cancer and Allied Diseases; 
and Assistant Professor of Pathology, Cornell 
University Medical College, Sloan-Kettering Di 
vision, New York. Cloth. Price, $12.00. Pp. 477, 
with figures and tables. McGraw-Hill Book Com- 
pany, Inc., 330 West 42nd Street, New York 36 
New York, 1957. 


THe Heap NEcK IN ROENTGEN DIAGNOSIS. 


Volumes I and II. By Eugene P. Pendergrass, 
M.D., Professor of Radiology and Chairman of the 
Department of Radiology, University of Pennsy]- 


Be ks Recei ved 


QUEENSLAND RapiuM 


FUNDAMENTALS O} 


MARCH, 1957 


vania; J. Parsons Schaeffer, M.D., Ph.D., Profes. 
sor of Anatomy and Director of the Daniel Baugh 
Institute of Anatomy, Emeritus, Jefferson Medi- 
cal College; and Philip J. Hodes, M.D., Professor 
of Radiology, University of Pennsylvania. Second 
edition. Cloth. Price, $37.50. Pp. 1759 (plus 
indices), with 1740 illustrations. Charles C 
Thomas, 301 East Lawrence Avenue, Springfield, 
Illinois, 1956. 


INstirutE. Ay- 
NUAL REPORT TO THE HONOURABLE THE MINISTER 
FOR HEALTH AND Home Arrairs. For THE YEAR 
ENDED 30TH JuNE, 1956. Presented to Parliament 
and ordered to be Printed. Paper. Pp. 17, with 
numerous tables. A. H. Tucker, Government 
Printer, Brisbane, Queensland, Australia, 1956. 


cesso Potmonare. By Francesco Santagati, 
Nardo Calvi, and Giancarlo Rivolta. Paper. Pp. 
$6, with 88 illustrations. Ind. Graf. Carlo Re & C,, 
Via Neera 50, Milan, Italy, 1956. 


CiintcaL Fivuoroscopy. By 
Charles B. Storch, .D., Associate Attending 
Roentgenologist, Radiodiagnostic Department, 
Beth E] Hospital, Brooklyn, New York. Second 
revised edition. Cloth. Price, $8.75. Pp. 305, with 
218 illustrations. Grune & Stratton, Inc., 381 
Fourth Avenue, New York 16, New York, 1957. 


LympuHatics, Lympn Tissue. By 


Joseph Mendel Yottey, DSCx M.D. (Manch.), 
F.R.C.S. (Eng.), Professor of Anatomy, Uni- 
versity of Bristol; and Frederick Coline Courtice, 
M.A., D.Phil. (Oxon.), D.Sc. (Sydney), F.R.A.- 
C.S. (Hon.), Director, Kanematsu Memorial Insti- 
tute of Pathology, Sydney Hospital, Sydney. 
Cloth. Price, $10.00. Pp. et. with 99 illustrations 
and ¢¢§ tables. Published for The Commonwealth 
Fund by the Harvard University Press, 44 Francis 
Avenue, Cambridge 38, Massachusetts, 1956. 
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ROENTGEN DIAGNOSIS 
HEAD 


Harry W., GLazer, Norman M., and 
Hauser, Harry. Paraphyseal or colloid 
cysts of the third ventricle. Radiology, Sept., 
1956, 67, 351-3556. (Address: H. W. Slade, 
3395 Scranton Road, Cleveland 9, Ohio.) 

A paraphyseal cyst of the third ventricle is a 
smooth-walled, pearl-gray, cystic structure of vary- 
ing size. It arises from remnants of the paraphyseal 
gland which is located just behind the interventricu- 
lar foramen (Monro), as an evagination in the mid- 
line from the roof of the third ventircle. 

Although such a cyst is a benign lesion it can, by 
sudden impaction of both interventricular foramina, 
result in sudden death. Symptoms are not spceific 
and include visual difficulties, fainting spells, dizzi- 
ness, staggering, weakness in the arms and legs, 
headaches, nausea and vomiting. Signs are equally 
nonspecific. 

The preoperative roentgen diagnosis depends 
primarily on localizing the tumor in the anterior 
third ventricle by air and contrast studies. Plain 
skull roentgenograms are of value from a negative 
standpoint. The findings on air and contrast studies 
are variable as they depe nd on the degree of ob 
(a) dilatation of 
the lateral ventricles, with absence of air in the third 


struction. These findings include: 


ventricle; (b) dilatation of the lateral ventricles with 
a bulge in the floor of the third ventricle and ab- 
sence of air in that structure; (c) dilatation of the 
lateral ventricles and of the foramina of Monro, with 
a filling defect in the anterior portion of the third 
ventricle; (d) dilatation of the ipsilateral ventricle 
by occlusion of only one foramen of Monro, with no 
passage of air from one lateral ventricle to the other 
or to the third ventricle, and without visualization 
of the third ventricle; (e) symmetric dilatation of the 
lateral ventricles, which have been filled from one 
side alone, with absence of the shadow of the septum 
pellucidum; (f) dilatation of both lateral ventricles 
with bulging of the septum pellucidum to one side; 
(g) filling of the cyst with air during pneumo- 
encephalography. This last finding is a new one 
reported by the authors and is important to recognize 
as It has on prev lous occasions been interpreted asa 
dilated third ventricle secondary to hydrocephalus. 
It is thought to be pathognomonic of a paraphyseal 
cyst. 

The differential diagnosis should include: papil 
lomas, ependymomas, astrocytomas, pinealomas, 
intraventricular 
epidermoids, and cystic polar spongioblastomas. 
Donald N. 


Intraventricular adamantinomas, 


Four case reports are presented. 
Dysart, M.D. 
NECK AND CHEsS1 
Meyer, Heinz H., Gitpertr, Kart S.. and 


Kent, Georrrey. A clinical review of pul 
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monary microlithiasis. ¥%.4.M.A., July 21, 
1956, 767, 1153-1157. (Address: H. H. 
Meyer, 7501 W. Cermak Road, Berwyn, IIl.) 


The object of this paper is to present clinical 
aspects of microlithiasis alveolaris pulmonum, as 
denominated by Puhr in 1933, a diffuse pulmonary 
calcification sporadically reported only in Europe 
until 1955, when 2 cases were reported simultane- 
ously in the United States. 

The essential feature of this disease is a striking 
roentgenologic appearance resembling miliary tuber- 
culosis. There are relatively few clinical symptoms 
until the late stages of the disease. The increasing 
use of mass photofluorography may well be a factor 
in recognition and diagnosis of the ailment in the 
early stages. Of the 16 cases thus far reported in the 
literature, the first dates back one hundred years, 
while 9 were published during the past five years. 

The patient observed by the authors was hos- 
pitalized for diagnosis when asymptomatic. It was 
thought that an earlier diagnosis of miliary tuber- 
culosis based on a routine chest roentgenogram had 
been in error. The clinical and family histories were 
generally noncontributory; he had on various occa- 
sions been exposed to high dust concentration in con- 
nection with his work. Five years prior to this 
hospital admission, his chest roentgenogram was 
negative, as was one made twelve years earlier. 

The roentgenograms made at the time of his 
hospital admission were most remarkable and re- 
vealed, except for occasional clumping, an excep- 
tionally fine, diffuse granular and almost reticular 
pattern of nodulation pervading both lung fields, 
the greater density being toward the bases and ob- 
scuring the diaphragmatic and cardiac outlines. 
There was no enlargement of the heart or the hilar 
lymph nodes, and the infiltration seemed like grains 
of sand, the pattern of distribution almost outlining 
alveoll. 

Microscopic examination of a specimen obtained 
by lung biopsy showed that approximately one-third 
of the alveoli contained concretions morphologically 
similar to corpora amylacea, ranging in size from 0.02 
to 0.03 mm. The alveoli containing microliths ex- 
hibited walls which were more often thickened than 
normal, and the majority of the bodies were calcified. 
Some appeared of more recent origin, being smaller, 
not calcified, and with only beginning laminations. 

The limited number of cases collected from the 
literature makes definite conclusions about clinical 
features impossible, but generally the following 
observations were made: (1) the condition is dis- 
covered accidentally during a latent period followed 
by pulmonary insufficiency. Ten to twenty-five years 
may be required before strain on the right ventricle 
leads to cardiac failure and death; (2) cough is not 
a prominent feature; (3) a rather constant finding is 
the persistence of fine basilar rales on auscultation; 
(4) nearly one-half of the cases show also some de 
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gree of pulmonary emphysema and osteoarthropa 
thy; (5) the over-all course is essentially afebrile. 

The roentgenographic appearance is most im 
portant and characteristic. All roentgenographic de 
scriptions have been almost identical: diffuse granu 
lar or reticular pattern of minute nodules throughout 
the lungs with greater density toward the bases; the 
nodules may appear to be coalescent or superim 
posed; a clearer picture may be obtained by the use 
of a grid; possible evidence of bullous emphysema 
and pleural thickening. 

The authors discuss the differential diagnosis from 
pneumoconiosis, miliary tuberculosis, blood-borne 
chronic 
coidosis, virus-pneumonia, 
scleroderma, the xanthomatosis group, helminthic 
manifestations, fat embolism, healed histoplasmosis, 


pulmonary abscesses, granulomas, sar 


lupus erythematosus, 


mitral stenosis with disseminated parenchymatous 
calcification of the lungs and hemosiderosis resulting 
from repeated hemorrhages into the alveoli or from 
mitral stenosis. 

The authors feel that chronic bronchitis, emphy 
sema, dusts, fungi, or pneumonitis of acute rheu 
matism may well be among the causes of pulmonary 
microlithiasis possibly with hereditary or infectious 
factors. They think that microlithiasis is the result 
of an inflammatory probably hyper 
immune, to one or, more likely, to a 
irritants.—P. B. Parsons, M.D. 


response, 


Weep, Lyte A., Pierce T., and 
Criacett, O. THERON. Chronic localized pul 
monary brucellosis. %.4.4/.4., July 14, 1956, 
161, 1044-1047. (From: The Mayo Clinic and 
Mayo Foundation, Rochester, Minn.) 


SLOSS, 


The authors report 3 Cases of chronic localized 
pulmonary brucellosis, which were characterized by 
well-defined densities of the lung upon roentgeno 
graphic examination. Surgical excision 
formed on 
showed each of the lesions to be a caseous granuloma 


was per 
each case. Laboratory examination 
and Brucella suis was isolated in the culture in each 
case. Complete and thorough bacteriologic study was 
performed to rule out Mycobacterium tuberculosis, 
fungi, Actinomyces, and common pyogenic bacteria 
In each case recovery followed the surgical excision 
of the lesions. 

The first case which had been reported elsewhere 
was that of a farmer, thirty-three years of age 
presented on the chest roentgenogram 2 rounded 
densities in left lower pulmonary field and nodular 
density at left hilus. 


who 


The second case was a farmer, aged sixty-eight, 
who reported to the Mayo Clinic because of a non 
productive cough and sore throat of five months’ 
duration. 
defined nodular lesion, 4 cm. in diameter, in the right 


revealed a well 


Chest roentgenograms 
midpulmonary field posteriorly. Caseating granu 
loma was found on tissue studies. Cultures yielded 
Brucella suis. 
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The third case was a farm wife, aged fifty vears, 
who complained of nonprogressive hoarseness and 
weakness of the voice of three months’ duration. A 
cough and a small amount of white sputum, occa- 
sionally streaked with blood, had been noted. Chest 
roentgenograms showed a well-defined mass, 7 by 4 
by 3 cm., situated adjacent to the mediastinum just 
superior to the left bronchus. At operation a mass 
situated in the upper lobe of the left lung together 
with an adjacent enlarged tracheobronchial lymph 
node was excised. This tissue was found to consist of 
caseous granuloma. 

It is interesting that in all 3 cases problems in pre- 
operative diagnosis occurred. Bacteriologic examina- 
tion of the sputum and bronchial washings have been 
of little value in discovering the cause of what sub 
sequently proved to be a solid, circumscribed granu 


loma. Skin tests and agglutination tests have been 
of little diagnostic help. 
The authors note that in reports of surgically re 


moved granulomas of the lung, the lesions frequently 
are designated “‘tuberculomas.” It is believed possi- 
ble that if such material were subjected to more 
thorough laboratory investigation, additional re 
ports of Brucella suis as one of the causes of Ic rcalized 
Ané, 


granulomas of the lung would appear.—¥. N. 


M.D. 


Davis, James G., and Stmonron, Joun H. 
Mediastinal 
Radiology, Sept., 1956, 67, 391-395. (Ad 
dress: J. G. Davis, St. Luke Hospital, 2632 
EK. Washington St., Pasadena 8, Calif.) 


carinal bronchogenic — cysts 


Mediastinal bronchogenic cysts are of congenital 


origin and are thought to originate in an abnormality 


in the development of the tracheobronchial tree. 


Most of these Cysts are In re lation to the trachea or 
to the main bronchi, and because of this are usually 
their Para 
Hilar, (4) Paraesophageal, 


classified according to location: (1 
tracheal, (2) Carinal, (3 
(s) Miscellaneous. 

This paper reports 3 Cases of bronchoge nic cysts 
located in the carinal region. The cysts are usually 


single, rarely lobulated, thin walled, spherical, and 
, ’ 


contain mucoid material varying from a white toa 
dirty brown color. Rarely do they communicate with 
the tracheobronchial tree. Symptoms of pain, cough, 
infection or 


of the 


respiratory obstruction, respiratory 


dysphagia depend on the location and _ size 
cyst and whether or not infection is present. 

The roentgen findings of the carinal cysts show a 
location near or just beneath the bifurcation of the 
trachea. They appear ovoid or round, homogeneous 
in density, and usually well circumscribed. Air-fluid 
levels may be present if a bronchial communication 
is present, but this is rare. Inspiration and expiration 
may produce a change in shape. They move with 
coughing or swallowing. The posteroanterior view of 
the chest shows them overlying the heart shadow and 
often to the right area. 


projecting more hilar 
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Oblique and lateral views show the cysts posterior 
to the heart in the carinal region. The right and left 
main stem bronchi may be spread apart by the mass. 
The esophagus may be displaced. 

The differential diagnosis should include dermoids 
and teratomas. These are usually located in the an- 
terior mediastinum and may be calcified. Thymomas, 
also in the anterior mediastinum, are often lobu- 
lated. Lymphomas are confined to the lymph node 
areas. An enlarged left auricle is located slightly 
lower than a bronchogenic cyst and it usually dis- 
places the esophagus posteriorly. The cyst can be 
separated from the aorta in oblique and lateral views 
to rule out an aortic aneurysm. Esophageal and 
gastric cysts, neurogenic tumors, and vertebral ab- 
scesses are usually more posteriorly located and the 
rib and vertebral involvement of the latter two will 
differentiate them from a bronchogenic cyst. Peri- 
cardial cysts are usually located more anteriorly and 
are lower in position. Bronchogenic carcinomas must 
always be considered they tend to be less sharply 
outlined than the carinal cysts. 

The treatment of these cysts is surgical excision 
both for diagnosis and removal of symptoms. 


Donald N. Dysart, MLD. 


WirrenporGc, Martin’ H., 
THAvI, and RosenBerG, BARBARA F. Anom- 
alous course of left pulmonary artery with 
respiratory obstruction. Radiology, Sept., 
1956, 67, 339-345. (Address: M. H. Witten- 
borg, The Children’s Hospital, Boston 15, 
Mass.) 


An anomalous course of the pulmonary artery may 
produce respiratory symptoms. Two instances of this 
condition are reported, to add to the 3 cases previ 
ously published. All reported cases presented a simi- 
lar clinical picture, not unlike that of double aortic 
arch. Symptoms were present at birth or became 
evident in the first two weeks of life. All the infants 
had respiratory difficulty which was predominantly 
an expiratory wheezing. Dyspnea and cyanosis were 
present in some of the cases. An anomalous left pul 
monary artery partially encircled the trachea to pro 
duce partial obstruction in each instance. 

This entity should be suspected whenever symp 
toms of intrathoracic respiratory obstruction arise 
at or shortly after birth. Roentgenograms may reveal 


obstructive pulmonary emphysema. A narrowing of 


the trachea below the level of the aortic arch may 
be evident on the lateral view. A barium swallow at 
fluoroscopy mav sugvest the condition by demon 
stration of an anterior indentation in the esophagus 
at the same level. The diagnosis is confirmed by 


direct bronchoscopy or a lipiodol tracheogram, if 


narrowing of the trachea at the carina or right main 
bronchus is demonstrable.—.4. W. Sommer, M.D. 


SNIDER, Gorvon L., GitpENHORN, Hyman L., 
and Rupensrein, Laurence H. Dextroposi- 
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tion of the descending thoracic aorta. 
Radiology, Sept., 1956, 67, 333-338. (Ad- 
dress: G. L. Snider, Michael Reese Hospital, 
29th St., and Ellis Ave., Chicago 16, Ill.) 


Lesions of the aorta are of great importance in the 
preoperative differential diagnosis of abnormal medi- 
astinal shadows. Although the literature contains 
accounts of numerous types of aortic lesions which 
may produce such shadows, very little has been 
written that would indicate that an extremely 
tortuous arteriosclerotic descending aorta may some- 
times project into the right lung field. 

The authors have presented 3 cases of buckling of 
the descending thoracic aorta in which the vascular 
shadow masqueraded as a mediastinal mass project- 
ing beyond the right heart border. In these 3 cases 
the evidence favored arteriosclerosis as the cause of 
the tortuosity of the aorta. One of the patients was 
subjected to exploratory thoracotomy to exclude the 
possibility of a tumor. In the other 2 cases the con- 
dition was disgnosed by fluoroscopy and appropriate 
roentgenograms. The authors point out that pro- 
viding the condition is suspected, careful roentgen- 
oscopy and roentgenography will usually lead to the 
correct diagnosis. It is also stated that in difficult 
cases angiocardiography should be of value.— 


A. Ralph Watson, M.D. 


Goerz, A. A., and Granam, Wo. H. Aneurysm 
of the sinus of Valsalva associated with co- 
arctation. Radiology, Sept., 1956, 67, 416 
418. (Address: A. A. Goetz, Sunnyvale 
Medical Center, s96 South Carroll Ave., 
Sunnyvale, Calif.) 

\ case of aortic sinus aneurysm associated with 
coarctation, demonstrated by angiocardiography, is 
presented. The patient, a twenty-one year old white 
female had hypertension, with a blood pressure of 
180/100 in both upper extremities, and an absence 
of pulses in the lower extremities. Angiocardiography 
demonstrated a coarctation of the aorta in the as- 
cending arch and an aneurysm of the right aortic 
sinus. The coarctation was excised, and the post- 
operative course was uneventful. 

Syphilis and bacterial endocarditis are frequent 
underlying causes of this defect, but it may occur as 
a congenital anomaly. It is believed that congenital 
sinus aneurysm arises from defective development of 
the bulbar septum which divides the bulbus cordis 
into right and left halves. Aneurysm prior to rupture 
is asymptomatic unless there are related incompe- 
tence of the aortic or tricuspid valves, other con- 
genital defects, or endocarditis.—/4. W. Sommer, 


VD. 
\BDOMEN 


Morin, Guy, and HERNANDEz, CLAuDE. Etude 
statistique de la hernie hiatale et du reflux 
gastro-oesophagien. (Statistical study of hia- 
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tus hernia and gastroesophageal reflux.) ‘¥. de 


radtol. et d’électrol. Arch. d’électric. méd., 
May-June, 1956, 37, 308-315. (From: Serv- 
ice central de Radiologie de |’Hdpital Saint 
Louis, Paris, France.) 

Hiatus hernia may be visualized during roentgen- 
with barium meal in either 
spontaneously, or after deep breathing, coughing, 


oscopy decubitus, 
and swallowing, sometimes only if abdominal com- 
pression is added. Three quarters of the patients 
with hernia needed some maneuver for demonstra 
tion. Trendelenburg position was of no help and is 
no longer employed by the authors for this purpose. 
A hernia, if seen in any position, will be seen in prone 
decubitus; the authors used, therefore, this position 
to the exclusion of all others. On the other hand, 
gastroesophageal reflux has no preferential position. 

Three hundred partially randomized patients were 
examined, and 41 (14 per cent) of them had hiatus 
hernia, 22 (13 per cent) among 179 males, 19 (16 per 
cent) among 121 females. The incidence of hernia 
increases with advancing age, and then sex becomes 
significant, the incidence being twice higher in older 
females than in older males. Among the 41 hiatus 
hernias, only 12 (4 per cent) revealed no evidence of 
gastroesophageal reflux. Sixty-eight (23 per cent) of 
the 300 had gastroesophageal reflux, 39 (13 per cent) 
had only reflux and no hernia. Symptomatology of 
hiatus hernia seemed unrelated to symptomatology 
of reflux. Furthermore, esophagitis was more often 
encountered in hernia associated with reflux than in 
cases which had only reflux. At any rate, 50 per cent 
of the patients with hernia and 60 per cent of those 
with gastroesophageal reflux were entirely asympto 
matic.—E. R. N. Grigg, M.D. 


PutcHERIO Fito, J. B. Colangiagrafia ex 
cretora. (Excretory cholangiography.) Bo/. 
Col. Brasil. de Cir., March, 1956, 33, 241-259. 
(From: Servico de Radiologia do Hospital 
Pedro Ernesto, da Secretaria Geral de Saude 
e Assisténcia, Rio de Janeiro, Brazil.) 

In the presence of adequate liver function, the 
hepatic radicles will begin to fill with contrast me 
dium about ten minutes after intravenous iniection 
of 40 cc. of 20 per cent biligrafin. Best visualization 
is usually obtained at the end of forty-five minutes. 
Roentgenograms are preferably exposed in prone 
decubitus, with slight obliquity, in order to better 
demonstrate the common duct. In some cases, spot 
films with graded compression may be of help. 

Excretory cholangiography may reveal: (1) com 
mon duct calculi; (2) dilatations of the remnant of 
the cystic duct, with or without calculi; (3) stenosis 
of the hepatic or common duct; (4) morphologic 
changes of the hepatic or common duct; and (5) 
nonvisualization because of liver failure (cholangitis). 

The author mentions briefly of having used the 
method in 52 cases, generally with satisfactory re 
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sults. There are few contraindications, such as sensi- 
tivity to iodine, cachexia, and severe hepatorenal 
insuffiiciency.—E. R. N. Grigg, M.D. 


CaRABALONA, P., Pevissier, M., Canpon, J,, 
and Baryon, P. Les pariétographies intra et 
extrascreuses appliquées a |’étude des forma- 
tions tumorales du creux épigastrique. (In- 
traserosal extraserosal parietography 
applied to the study of epigastric tumors.) 
Presse méd., April, 1956, 6.4, 783-786. (From: 
Centre de Radiologie et de la Clinique 
Chirurgicale B, Montpellier, France.) 
Tumors of the epigastric region are often difficult 

to evaluate on conventional barium studies of the 

gastrointestinal tract. Extraserosal parietography 

(Bétouliéres and Latour), i.e., body section roent- 

genography of the epigastric area following gastric 

insufflation and retropneumoperitoneum, /7traserosal 
partetography (Porcher), 1.e., body section roentgen- 
ography following gastric insufflation and diagnostic 
pneumoperitoneum, or, better yet, a combination of 
these two procedures will give enough additional 
information to reduce the incidence of ‘‘routine” 
exploratory laparotomy. 

Twelve illustrative observations (many without 
surgical or pathological proof) are included in the 

paper.—E. R. N. Grigg, M.D. 


GYNECOLOGY AND OBSTETRICS 


\MAcPHERSON, JoHN, and Witson, Joun kK. A 
radiological study of the placental stage of 
labour. Obst. & Gynaec. Brit. Emp., June, 

(From: Mill Road Ma- 

ternity Hospital, and the Department of 

Obstetrics and Gynaecology, The University, 

Liverpool, England.) 


1956, 63, 321-33 


The authors reviewed the literature dealing with 
the third stage of labor, including various techniques 
of “cord injection placentography.” After a thorough 
study of these methods of placentography and con 
sultation with senior obstetricians, radiologists and 
physicists, it was decided that visualization of the 
placenta before the baby was delivered was possible 
without injury to the fetus or mother and without 
interference with the management of delivery. 

Employing a technique similar to that used by 
Warnekros, who injected the prolapsed cord of a 
known anencephalic fetus, 4 cases were studied in a 
period of one and one-half years. Besides these 4 
cases of anencephaly, and 1 case in which the cord 
was injected after the second stage was complete, 24 
cases of breech delivery were injected and roentgen- 
ograms taken. A modified roentgen-ray table was 
employed and in the carly cases roentgenograms 
were taken at the time of natural pauses in the de- 
livery or at times when the obstetrician thought they 


might be informative. Later, films were made at 


| 


VoL. No. 


’ 


thirty-second intervals during the final phase of the 
second stage and for as much of the third stage as 
was considered necessary. 

As soon as the cord became available it was in- 
jected with 70 per cent diodine. It was found that 
40 ml. was necessary to give clear roentgenograms. 
After the successful injection of the umbilical vein 
in the first few cases, the possible advantages of in- 
jecting an artery were considered. The artery was 
successfully injected intentionally in one case and 
in several others, unintentionally. 

In the conduct of the third stage of labor, fundal 
pressure, massage, and the suprapubic pressure test 
for placental separation and oxytocics were avoided 
until the placenta had been expelled. 

The interpretations of the roentgenograms were 
dificult because a three-dimensional process was 
being studied by an interrupted two-dimensional 
technique. The soft tissue shadow of the uterus is 
usually seen easily because of the gas in the sur 
rounding intestine. In 23 out of 2g cases of the series, 
the roentgenograms were sufficiently clear to allow 
an assessment of the state of the placenta at the 
time of delivery of the last part of the baby, but only 
22 of these were suitable for study of roentgenologic 
detail. 

Placental separation was determined by a gross 
increase in the space between the peripheral vessels 
of the placenta and the soft tissue outline of the 
uterus. Smaller increases in this space were more 


dificult to eV aluate Descent of the lower border of 


the placenta was important when the vessels of the 
lower edge were resting on the after-coming head 
during breech delivery. Upon comparison of succes 
sive films it was noted that re-distribution of the 
medium occurred during placental separation. These 
findings on a single film were not of importance be 
cause they could be produced by a uterine contrac 
tion wave. Reduction of the placental site and crowd 
ing of the vessels should be inte rpreted cautiously 
because these same findings can be produced by rota 
tion of the uterus. Divergence of the vessels was 
sometimes noted in the lower edge of the placenta 
with crowding of the vessels elsewhere. It is of more 
importance if the divergence occurs with no change 
in other portions of the placenta by comparison of 
successive films. Although changes in the curvature 
of the smaller vessels were considered of importance 
by Burton-Browne, the authors were unable to at 
tach any significance to these findings. The most 
conclusive evidence of the separation of the placenta 
was its descent into the lower uterine segment and 
vagina. 

The early roentgenologic signs of placental separa 
tion consisted of: (a) Increase in the uteroplacental 
space in g cases; (b) descent of the lower edge in 16 


c) changes in the relative filling of the dif. 


cases; 
ferent parts of the placenta in 13 cases; (d) crowding 
of the vessels in 11 cases: and (e) widening of the 


angles between the vessels In 7 cases. 
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Descent of the placenta into the lower segment and 
vagina was apparent on the roentgenograms in 21 
of the 22 cases before there had been any interference 
such as traction on the cord. The authors concluded 
that at the time of delivery of the last part of the 
baby, the placenta was totally separated in 9 of the 
22 cases. In a further 10 patients it was at least 
partially separated while in the other 3 it was ap- 
parently undisturbed. These findings are not neces- 
sarily applicable to cases of head presentation. 

In 18 cases in which descent of the placenta was 
timed, spontaneous descent of the placenta into the 
lower segment or vagina occurred as follows: At the 
time of completion of the second stage, 6 cases; in 
less than two minutes after the end of the second 
stage, 11 cases; in less than three minutes after the 
end of the second stage, 15 cases; and in less than 
five minutes after the end of the second stage, 18 
cases. 

In one patient of the series delivery occurred under 
the influence of deep ether anesthesia and in this case 
manual removal of the placenta was necessary. 
Manual removal of the placenta was necessary in 
only 1 of the remaining 28 patients who received 
trilene analgesia or thiopentone and she had a 
unicornuate uterus. 

Study of the roentgenograms allows comment on 
the old controversy regarding the Schultz: and 
Duncan methods of placental separation. Among 21 
cases in which the process could be assessed there 
was I in which separation appeared to occur cen- 
trally and peripherally at the same time. In 17 of the 
remaining 20 cases there was clear evidence of the 
Duncan method, separation commencing as a rule 
at the lower edge of the placenta. There were only 
3} cases in which the placental separation commenced 
centrally (Schultze method). It was further deter- 
mined that the form taken by the placenta as it leaves 
the vulva does not indicate its method of separation. 


F. N. Ané, M.D. 
GENITOURINARY SYSTEM 


Winrer, Cuesrer C. A clinical study of a new 
renal function test: The radioactive diodrast 
renogram. ¥. Uro/., Aug., 1956, 76, 182-196. 
(From: Urology Division of the Department 
of Surgery, Veterans Administration Medical 
Center and University of California Medical 
Center, Los Angeles, Calif.) 

Preliminary experiments in animals indicated that 
both urokon and diodrast were rapidly excreted at 
nearly equal rates; however, it was discovered that 
the rate of renal excretion of urokon in man was 
much lower than that seen in animals. This radio- 
active material was then discarded in favor of radio- 
active diodrast, since the diodrast renogram was 
similar to that seen in the experimental animal. 

The author used commercially available prepara- 
tions of radioactive diodrast, diluted with sterile 
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saline solution to a concentration of 30 microcuries 
per cc. Three sets of radiation detection and record 
ing equipment were employed: one for each kidney 
and the third to measure the clearance rate of I! 
from the blood. Each unit consisted of a gamma ray 
scintillation counter connected through rate meters 
to recorders. Specially designed lead shields aid in 
directional collimation and reduce background radio 
activity. A deep well scintillation counter was used 
to measure the gamma ray activity in the blood and 
urine samples. 

In addition to 172 patients with a normal left or 
right kidney, radioactive diodrast renograms were 
performed in patients having the following urologic 
disorders: absent kidney, nonfunctioning kidney, 
urethral obstruction with hydronephrosis, acute 
ureteral obstruction from the calculus, hypoplastic 
kidney, chronic pyelonephritis, 
nephrotic syndrome, acute pyelonephritis, poly 
cystic kidneys and neurogenic shock. Radioactive 


nephre scleré ISIS, 


renograms were correlated in each subject with one 
or more standard renal function tests. During the 
course of the investigation it became apparent that 
the method has many potential applications in other 
fields of medicine, as well as being a suitable tool for 
basic research in renal physiology. In internal medi 
cine this rapid method could be applied as a screening 
procedure, particularly in young individuals with 
unexplained hypertension. The results of the investi 
gation carried out by the author indicates that the 
diodrast renogram should provide a valuable index 
of separate kidney function in patients with nephritis 
and nephrosis, particularly, for the purpose of fol- 
lowing the course of these disorders from the func 
tional standpoint. Good correlation is found between 
this method and the other tests for renal function. 
Since the author uses a direct recording of the 
radioactivity in relation to time, this particular 
method has the great advantage of producing im 
mediate available determinations of renal function. 
There is little or no discomfort to the patient, the 
only requirement being the injection of a 
amount of radioactive diodrast and the placement of 
the Geiger counter over the kidney area for approx! 


small 


mately 10 to 15 minutes. No anesthesia is required 
and separate function for each kidney is recorded. 
No special preparation of the patient is necessary 
and the results are not invalidated by 
metabolic conditions, abdominal opacities or the 


abnormal 


previous use of radioisotopes. The method can be 
used when the blood urea nitrogen is elevated. It can 
be repeated at frequent intervals to follow the course 
of various renal disorders. 

The most likely source of error is in the improper 
placement of the scintillation counter in relation to 
the kidney areas, and particularly, on the right side, 
the interference from the liver must be avoided. 

Eleven illustrations of the normal and abnormal 
diodrast renograms are presented, and a table for 
comparison of the diodrast renogram with the 
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standard renal-function tests is included. 
Chamberlin, M.D. 


George 


Myure, Jon R. Arteriovenous fistula of the 
renal vessels; a Case report. Circulation, Aug., 
1956, 74, 185-187. (From: Department of 
Medicine, University Clinic, Bergen, Nor- 
way.) 

The author reports a case of arteriovenous fistula 
of the right renal vessels, which occurred in a woman, 
sixty-six years of age. The fistula was due to vascular 
erosion by an adenocarcinoma of the kidney. Urogra- 
phy revealed delayed and reduced excretion from the 
right kidney and a distortion of the renal pelvis, indi- 
cating an expanding hilar process. Transfemoral 
aortography showed a large arteriovenous communi- 
cation of the renal vessels on the right side and some 
smaller shunts in the liver. Catheterization of the 
right renal vein revealed an abnormally high oxygen 
content in the blood samples, being respectively go, 
94, and 94 per cent in blood from 3 different posi- 
tions. The oxygen saturation in samples from the 
femoral artery was 96 per cent. 

At operation an adenocarcinoma was found partly 
surrounding the grossly dilated hilar veins and pro- 
ducing a communication by erosion between these 
vessels and a branch of the renal artery. Tumor tissue 
protruded as a solid mass far into the dilated renal 
vein. The vascular abnormalities demonstrated in 
the liver were considered to be most likely heman- 
giomas. 

Three of the earlier re porte d cases of arteriovenous 
fistula of the renal vessels were due to congenital 
aneurysms. In the fourth case a neoplastic erosion 
2 additional 
cases of arteriovenous fistula of the renal vessels have 


of the vessels had occurred. Recently 


been reported. One of these was of traumatic origin 


/. N. Ané, M.D. 


and the other of congenital origin. 


Oravisto, K. J., and ScHauman, S. Urethres 
cystography in the differential diagnosis of 
Urol., June, 


and 


Maria 


prostatic cancer. 7. 1956, 75, 
Roentgeno- 


Hospital, 


995-999. (From: Surgical 
logical Department of 


Helsinki, Finland.) 


The authors have studied the urethrocytograms 
of 20 patients with proved carcinoma of the prostate 
and 16 patients with benign hypertrophy of the 
prostate. The technique was carried out in the usual 
manner. The bladder was filled with a thin contrast 
substance after which a viscous water soluble con 
trast medium was injected into the urethra. Antero 
posterior and oblique roentgenograms were made 
during the injection. 

Careful study of the floor of the bladder showed 
that in hypertrophy of the prostate the floor of the 
bladder was smooth or showed a few large smooth 
nodules. In §5 per cent of the patients with carct- 
noma of the bladder there was an irregular elevation 
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of the bladder floor. In 85 per cent of the patients 
with carcinoma of the prostate there was irregularity 
of the contour of the prostatic urethra, whereas, in 
benign hypertrophy, this only occurred in 3 of 11 
patients on whom no previous traumatizing pro 
cedures had been performed prior to the roentgen 
examination. Recent endoscopy or cystoscopy pro- 
hibited the use of this observation, and the differen- 
tial diagnosis of the two conditions under study re- 
mained indefinite. 

Although narrowing of the posterior urethra was 
often difficult to estimate, it was found that in 55 
per cent of the patients with carcinoma of the pros- 
tate the posterior urethra had a somewhat narrow 
and rigid appearance. In benign hypertrophy some 
widening of the posterior urethra was a common 
observation. Both carcinoma and benign hyper- 
trophy produced some elongation of the posterior 
urethra. The bladder neck was often pushed forward 
resulting in angulation with a fairly sharp sloping 
curve. Unusually sharp angulation was present in 63 
per cent of the patients with benign hypertrophy, 
but only 25 per cent of the patients with carcinoma. 
Localized or generalized lateral displacement of the 
posterior urethra was considered to be evidence of 
malignant involvement of the prostate. 

Irregularity of both the floor of the bladder and 
the posterior urethra was almost a pathognomonic 
syndrome. This combination was found in s0 per cent 
of the carcinoma patients, but not once in those 
patients who had benign hypertrophy of the prostate. 

Six illustrations and one table are presented in this 
article to illustrate the points under discussion. 
George W. Chamberlin, M.D 


Harrison, Ricwarp H., and DousB.Lepay, 
Leonarb C. Roentgenological appearance of 
normal adrenal glands. ‘¥. Uro/., July, 1956, 
70, 16-22. (From: Division of Urology, 
Department of Surgery and the Department 
of Radiology, Baylor University College of 
Medicine and Jefferson Davis Hospital, 


Houston, Texas.) 


This is a study of the adrenal glands of 1§ patients 
who were considered to have normal adrenals. Pre- 
sacral retroperitoneal air injection was performed, 
using an average of 1, cc. of room air for a 65 
kilogram individual. The smallest amount injected 
was 200 cc. in an infant and the largest amount 2,00 
cc. in a 100 kilogram female patient. A brief discus 
sion of the normal anatomy of the adrenal glands and 
of the retroperitoneal spaces is included. 

Following the air injection, roentgenograms wert 
made in the anteroposterior supine position at a 36 
inch distance at brief intervals for several hours and 
then daily until the films were of no diagnostic value. 

All patients complained of low abdominal fullness 
which lasted for a few hours and occasionally as long 
as 36 hours. Three patients developed shoulder pain 
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and cough and 25 patients showed subcutaneous 
emphysema lasting from 2 hours to as long as 48 
hours. There was no morbidity after 48 hours and 
there were no deaths in this series. The majority of 
the patients showed a fairly good air distribution in 
the retroperitoneal space in 30 minutes, but the best 
films are most consistently seen at the end of 24 
hours. In 13 of the 50 patients both adrenals were 
adequately demonstrated for evaluation of size and 
shape. In 31 patients at least 1 adrenal was visualized 
and it required approximately 12 days for complete 
absorption of the retroperitoneal air. After 72 hours 
the roentgenograms were of no value for demonstra- 
tion of the size and shape of the adrenals. In 4 in- 
stances air did not fill one side. 

Measurements were made of the width and the 
height of the adrenal body. The roentgenographic 
shadows were traced on graph paper for a measure- 
ment of surface area. The average base measured 2.5 
cm. and the average height was 2.2 cm. This varied 
slightly with the right and the left sides. 

Several figures illustrate the base, height and area, 
as well as the configuration of the right and left 
adrenal in 13 patients. The average area was 2.6 cm. 

George W. Chamberlin, M.D. 


Evans, Joun A., and Poker, NATHAN. Newer 
roentgenographic techniques in the diagnosis 
of retroperitoneal tumors. ¥.4.M.2., July 21, 
1956, 767, 1128-1132. (Address: J. A. Evans, 
525 E. 68th Street, New York 21, N. Y.) 


Roentgenographic examination is especially valu- 
able in diagnosis of tumors of the retroperitoneal 
space because of the inaccessibility of the area, the 
paucity of early symptoms, the uncertainty of physi- 
cal examination and the frequent absence of positive 
laboratory findings. 

According to the authors the purpose of this pres- 
entation is: (1) to review certain newer roentgeno- 
graphic diagnostic techniques as they are applied to 
the investigation of the retroperitoneal space. This is 
defined as that portion of the lumbar and _ iliac 
regions between the posterior parietal peritoneum 
and the posterior wall of the abdominal cavity. It 
extends upward to the twelfth rib and the twelfth 
thoracic vertebra and downward to the sacrum and 
the iliac crest. Its lateral border is demarcated by the 
lateral border of the quadratus lumborum; (2) to 
assess the relative value of each in the study of 
primary retroperitoneal tumors (tumors originating 
in the retroperitoneal connective tissue) and of 
tumors of the retroperitoneal viscera; and (3) to 
evaluate their significance in the practical clinical 
management of the patient. 

These newer techniques are nephrotomography 
and presacral air insufflation, used separately or in 
combination. The authors consider their value in the 
diagnosis of renal, pararenal and adrenal tumors, 
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though frequently, they aid in the diagnosis of other 
types of retroperitoneal tumors. 

After a detailed discussion of the more recent 
modifications of both techniques and the critical 
analysis of the differential diagnostic criteria, the 
authors arrive at the conclusion that nephrotomogra 
phy, presacral air insufflation and the combined 
examinations may be expected to increase the num 
ber of correct diagnoses of retroperitoneal lesions. 


P. B. Parsons, M.D. 


SKELETAL SYSTEM 


LereBvRe, J., C., Fauré, C., 
Huc, M., and Errera, A. (Paris, France.) 
Les lacunes corticales métaphysaires des os 
longs chez l’enfant et l’adolescent; leurs rap- 
ports avec le fibrome non ostéogénique de 
l’os3 a propos de 32 observations. (Cortical 
metaphyseal lacunary the 
bones in the child and adolescent; their rela- 
tions with the nonosteogenic fibroma of the 


lesions of long 


bone; based on 32 observations.) ‘7. de radio/. 
et délectrol. Arch. a’ électric. May 
June, 1956, 37, 300-307 
The relatively 
chondritis with metaphyseal lacunary lesions of the 


frequent association of osteo 


long bones suggest a common pathogenic factor of 


vascular origin. The resultant defect in bone produc 
tion creates a lacunar space, a “hole,” which is later 
filled with fibrous tissue, interspersed with deposits 
of hemosiderine. As growth proceeds, the ‘‘hole”’ 
ascends in the metaphysis, and acquires a cortical 
and subcortical location. The lacunary space dis- 
appears spontaneously when it reaches the periosteal 
ossification zone of the diaphysis. 

The following conditions may be considered for 
differential diagnosis: (1) osteomyelitis may at times 
give a radiolucent area with fluffy borders, but it has 
inflammatory reaction of the soft tissues, and after 
some time, periosteal reaction and other specific 
signs are bound to appear; (2) the lacunae caused by 
tuberculosis are located in the epiphysis, or riding 
over the cartilage; (3) the osteoid osteoma is 
crowned by dense cortical bone, surrounding the 
radiolucent nidus; (4) the eosinophilic granuloma, 
seldom isolated, is rarely encountered in growing 
metaphyses, and when it reaches the cortex, it pro 
duces subperiosteal ossification in parallel layers; (5) 
benign central bone cysts are roentgenologically dif 
ferent, but histologically they are very similar when 
an intracystic hemorrhage has occurred; (6) malig 
nant tumors can hardly be with this 
eminently benign process; finally (7) the nonosteo 


confused 


genic fibroma of the bone resembles the subcortical 
lacunary lesion because of the eccentric metaphyseal 
location, the age group at which it appears (child 
hood and adolescence), the always favorable out 
come, and the same histologic picture. They are dis 
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similar in that the nonosteogenic fibroma may cause 
pain, its radiolucent area is larger, and its origin js 
supposedly a proliferation of young, conjunctive cells 
from the medulla. In this paper the opinion is ex- 
pressed that the subcortical lacunary lesion of the 
growing metaphysis is only the first stage which 
may or may not progress into a 
fibroma.—FE. R. N. Grigg, M.D. 


nonosteogenic 


Carrey, JoHN, and MAbeE.LL, SAMUEL H. Ossi- 
fication of the pubic bones at birth. Radi- 
ology, Sept., 1956, 67, 340-350. (Address: 
J. Caffey, Presbyterian Hospital, 622 West 
168th St., New York 32, N. Y.) 


The results of a roentgen study of the pelves of 
1,286 randomly selected newborn infants are pre- 
sented. A variety of patterns of ossification of the 
pubic bone with considerable difference in shape and 
size was found. 

The primary pubic ossification center at birth was 
arbitrarily classified in three types according to its 
shape and extent. In Type A, a single bony mass is 
limited to the superior ramus with ossification not 
extending as far mediad as the junction of the 
superior and inferior rami and with no enlargement 
of the medial end of the ossification center. In Type 
B, a single bony mass, shaped like a dumbbell, 
produces an opaque strip in the superior ramus with 
globular expansions laterally in the body of the pubis 
and medially at the junction of the horizontal and 
descending rami. The Type C ossification center is 
shaped like a hook, owing to the extension of ossifica 
tion beyond the junction of the rami into the de- 
scending ramus. A fourth type, Type D, includes all 
cases in which there are two or more ossification 
centers in one or both pubic bones. Type A was found 
per cent, Type B in 53.6 per cent, Type C in 
36.8 per cent, and Type D in 1.6 per cent. In the 1.6 
per cent in which more than one ossification center 


In o. 


was present, the narrow cleft between the two cen 


ters simulated a fracture line as ossification pro 
gressed. 

Charts illustrating the various types of ossification 
centers and tables showing the incidence of each type 
in premature and full-term, male and female, and 
white and Negro infants are included.—Harold C. 


Hamilton, M.D. 


PEACHER, G., and Srorrs, Ricu- 
arD P. Cervical disk calcification in child- 
hood. Radtology, Sept., 1956, 07, 396-395. 
(Address: W. G. Peacher, Medical Arts Bldg., 
Syracuse 2, N. Y.) 


Calcification of the cervical intervetebral disks is 
relatively uncommon, but when present, is usually 
observed in children. Since only 7 cases have been 
recorded in the literature, an additional example of 
this condition is presented. This case was followed 
almost three years. 


77, No. 3 


’ 


The patient was a five year old boy whose chief 
complaint was pain in the right side of the neck. 
History revealed that the pain was of three days’ 
duration, and had followed a fall. There were asso- 
ciated burning in the right pharynx and discomfort 
on attempted movement of the neck to the right. 
Past history disclosed that the patient had been sick 
on several occasions with upper respiratory infec- 
tions and that cervical lymphadenopathy and dental 
caries had previously been noted. 

Physical examination at the time of the illness 
under consideration showed limitation of motion 
of the cervical spine and pain on palpation over and 
to the right of the intervertebral spaces from 9 
to C-7. Dental caries was evident and an acute ton- 
silitis was present. Roentgenograms of the cervical 
spine demonstrated irregular calcific deposits in the 
space between the fourth and fifth cervical vertebrae. 
There was slight narrowing of the same interspace. 
Conservative treatment was instituted, and rapid 
improvement followed. Kollow up roentgenograms 
of the cervical spine showed a gradual disappearance 
of the disk calcification. 

A study of the findings in this and in previously 
reported cases of calcification of the cervical inter- 
vertebral disk shows that the condition often follows 
an acute inflammatory process. Symptoms referable 
to the cervical spine such as pain, limitation of 
motion and muscle spasm usually occur. Conserva 
tive and symptomatic care are generally sufficient 
to bring about early subjective relief with no per 
manent residuals. The calcific deposits have been 
found to last for varving periods of time. 

A short summary of a second case of cervical disk 
calcification seen after acceptance of the paper for 
publication is also presented._-4. Ralph Watson, 
M.D. 


CLrements, Donatp G., and Ep- 
MoND H. Chronic myelogenous leukemia: 
Unusual bone changes in an adult. Radiology, 
Sept., 1956, 67, 399-403. (Address: EF. H. 
Kalmon, 3o1 N. W. 12 Street, Oklahoma 
City, Okla.) 


Destructive bone changes are rarely found roent 
genologically in adult patients with chronic myelog 
enous leukemia. Only 7 such cases have been 
reported in the Eaglish speaking literature. The 
authors have, therefore, reported a case which 
showed destructive lesions In numerous bones. 

The patient was a white female forty-seven vears 
of age, whose chief complaint was left upper ab 
dominal mass of two months’ duration. On examina 
tion, this mass was thought to be spleen. Complete 
blood studies and sternal marrow puncture were 


done, and the diagnosis of a subacute phase of 


myelocytic leukemia was made. Treatment consist- 
ing of whole blood transfusions, urethane, and radio- 
active phosphorus was given. However, after three 
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months of such therapy, the spleen had not receded 
in size, the patient remained moderately anemic, and 
the white blood cell count had increased from 334,000 
to 445,000. Deep roentgen therapy to the spleen 
was given. Following this latter treatment, the pa- 
tient became asymptomatic and remained so for 
sixteen months. Because of this long remission, it 
was felt that achange of diagnosis to chronic myelog- 
enous leukemia was justified. 

Kollowing the asymptomatic period, the patient 
developed pain and tenderness in the region of the 
right hip. Roentgenograms revealed a lytic lesion in 
the right femur at the level of the lesser trochanter. 
This area was treated with deep roentgen therapy 
and the pain rapidly subsided. Later, similar lesions 
were found in the left roth rib, lumbar vertebrae, 
skull, shoulder girdle, other ribs, and pelvis. Her 
general condition remained good, and the most 
painful lesions were treated with deep roentgen 
therapy. For about one year, following the appear- 
ance of the first osteolytic lesion, the patient’s blood 
count was considered satisfactory. However, after 
that time the number of white and red blood cells 
began to fall, and in spite of many transfusions, it 
was impossible to maintain the blood cell count at 
or near normal levels. The patient died about three 
years after the initial examination. On autopsy ex- 
amination tumor tissue obtained from the skull was 
examined by two competent pathologists and the 
diagnosis of atypical myelogenous leukemia was 
made. 

The authors point out that the bone lesions seen 
on roentgenograms of this patient were strikingly 
similar to the destructive bone lesions observed in 
multiple myeloma or in metastatic carcinoma. 


A. Ralph ‘atson, M.D. 


Piarr, ArNotp D. Fracture of the promontory 
of the calcaneus. Radiology, Sept., 1956, 67, 
386-390. (Address: 36 West Locust St., 
Newark, Ohio.) 


The name “‘calcaneal promontory” is arbitrarily 
assigned by the author to the anterior superior mar- 
gin of the calcaneous which presents a definite ledge- 
like appearance on lateral and oblique roentgeno- 
grams. Fractures of this calcaneal promontory have 
received slight attention in the literature but are 
important clinically and from a medicolegal aspect. 
The mechanism inducing fracture of the calcaneal 
promontory seems to be (1) a combination of inver- 
sion with plantar flexion or (2) acute dorsiflexion of 
the foot. 

Roentgen diagnosis of a recent fracture of this type 
presents no difficulty. With nonunion and ossicle 
formation, however, differentiation from an acces- 
sory sesamoid, the calcaneus secundarium, must be 
made. Post-traumatic calcifications may be noted 
occasionally in the ligaments which are attached to 
the calcaneal promontory, principally the bifuracted 
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ligament which sends fasciculi to the cuboid and 
navicular bones and the dorsal calcaneocuboid liga- 
ment which connects the calcaneus and the cuboid 
superiorly. 

With healed fractures involving this part of the 
calcaneus, disability is seldom prolonged, lasting from 
seven and a half weeks to six months. The maximum 
limit of disability in cases of nonunion is placed 
at 15 per cent. 

Ten cases of fracture of the calcaneal promontory 
have been collected from the author’s practice and 
3 representative case reports are presented.—Harold 


C. Hamilton, M.D. 


Dennis, JoHN M., and Mercapo, Raut. 
Scurvy following folic acid antagonist ther- 
apy. Radiology, Sept., 1956, 67, 412-415. 
(Address: J. M. Dennis, Department of 
Radiology, University Hospital, Baltimore 1, 


Md.) 


A case of neuroblastoma is reported in which 
typical scorbutic changes developed in the long bones 
during the course of aminopterin therapy. The pa- 
tient, a sixteen month old white girl, showed early 
scorbutic bone changes two and one-half’ months 
after institution of aminopterin therapy. Bone 
changes increased over a period of one and one-half 
months even though the patient was receiving 1 
mg. of ascorbic acid daily, as well as her daily dose of 
0.5 mg. of aminopterin. Improvement of the bone 
changes followed increase of the ascorbic acid intake 
to 500 mg. daily, with the daily intake of aminopterin 
unchanged. More rapid healing occurred after the 
aminopterin was discontinued. 

This case suggests a possible relationship between 
folic acid antagonists and the utilization of vitamin 


C.—A. W. Sommer, M.D. 


BLoop AND LympH SysTEM 


McAree, Joun G., THeopore F., 
and Stewart, K. Roya. Angiocardiography 
in the preoperative diagnosis of mitral 
stenosis and insufficiency. Radiology, Sept., 
1956, 67, 321-332. (Address: J. G. McAfee, 
Department of Radiology, The Johns Hop- 


kins Hospital, Baltimore, Md.) 


Since surgical correction of mitral stenosis has 
become an established surgical procedure, this study 
was undertaken in order to determine if accurate 
differentiation of mitral stenosis from mitral insuf. 
ficiency, for which there is as yet no adequate sur- 
gery, could be shown by angiocardiography. Thirty- 
two surgically proved cases were studied and form 
the basis of this paper. 

It was found that the diagnostic accuracy by an- 
giocardiography was poorer than that of conven- 
tional clinical methods. Both “‘false positive” and 
“false negative” diagnoses of mitral stenosis were 
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made, and those cases with predominant insufficiency 
could not be recognized as such. The difference in 
the “opacification pattern” of the left atrium and 
ventricle seemed to be due to chamber size and 
cardiac phase, rather than to specific stenosis and/or 
insufficiency. The large size of the left atrium and 
the generalized slowing of the circulation accounted 
for the prolonged opacification of this chamber in 
mitral disease. There is no specific “hold-up” of the 
contrast medium in the atrium by a stenotic mitral 
valve. 

It was felt by the authors, that angiocardiography 
as performed with present techniques was not a reli 
able procedure for distinguishing between mitral 
stenosis and insufficiency. A review of previous re- 
ports in the literature is given and the technique 
used by the authors in angiocardiography is de- 


scribed.—Donald N. Dysart, M.D. 


Rosy, H. R., and McKay, J. W. (Montreal, 
Quebec.) Fatality following abdominal ar- 
teriography. Canad. A. 
March, 1956, 7, 


Radtologists, 


This case was considered worthy of report because 
of the rarity of adverse reactions following translum- 
bar aortography and arteriography with present day 
methods. 

The examination 
chronic ulcer above the lateral malleolus of the left 


was done to investigate a 
leg. After examination, the clinical impression was 
arteriosclerosis obliterans with an ulcer of the left 
leg, varicose veins and prostatism. 

Following translumbar arteriography with urokon, 
the patients reacted showing symptoms suggestive 
of “post-aortogram 
heightened by the findings on flat roentgenograms. 
However, proctoscopic examination showed an ul 


ileus.” This impression was 


cerating lesion on the posterior wall of the rectum, 
with no obstruction up to the 2 

The next day a laparotomy was performed, which 
revealed ‘“‘small bowel adherent to the pelvis and 


cm. level. 


walling off a pelvic abscess centered around a gan- 
grenous sigmoid,” and adherent also along the left 
gutter. An ileostomy was done, with large drains 
left in the pelvis. The patient’s condition deterio 
rated, his death occurring twenty-one days later. 

Roentgen findings: The aortogram indicated par 
tial obstruction at the level of the bifurcation of the 
common iliac artery on the left side. Flat films 
showed signs consistent with a diagnosis of paralytic 
ileus. The barium enema study disclosed no obstruc 
tion. 

The authors believe that the patient might have 
developed mesenteric thrombosis 
undergoing the aortographic examination, 
there were well advanced arteriosclerotic changes 
and the patency of the lumen of the inferior mesen- 
teric artery was already somewhat compromised. 
However, since the trauma of the puncture and the 
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force of the injection can provoke reflex vasocon- 
striction, they feel that this, in fact, was produced 
by the aortography, resulting in a diffuse thrombosis 
of the inferior mesenteric artery. 

Postmortem examination showed extensive arteri- 
osclerotic changes. There was mesenteric thrombosis 
with gangrene of 25 cm. of the small intestine. The 
colon terminated 8 cm. beyond the splenic flexure 
and emptied into a large abscess which communi- 
cated with the rectum. 

The article contains a brief discussion of aortog- 
raphy and the opaque media used. The authors 
state that the translumbar technique is the one in 
most general use at present.—P. B. Parsons, M.D. 


Roto, M., and Jona, I. Die diagnostische 
Bedeutung der percutanen Spleno-Portogra- 
phie. (The diagnostic importance of per- 
cutaneous spleno-portography.) Schweiz. med. 
Wehnschr., June, 1956, 86, 738-741. (From: 
Chirurgische Fortbildungsklinik der medi 
zinischen Universitat, Budapest, Hungary.) 


Percutaneous splenoportography may be of con 
siderable help in selecting the type of surgery in a 
given case of portal hypertension. Another indica- 
tion for the procedure is to locate hepatic and pan 
creatic tumors, primary or metastatic. 

The technique includes: (1) determination of size 
of spleen by palpation and roentgenoscopy; (2) local 
procaine infiltration of the skin; (3) puncture with 
long intramuscular needle, aimed at the middle of 
the spleen, and introduced to a depth of 4~—5 cm. into 
splenic substance (4) roentgenoscopic ev aluation, 
and piston aspiration to confirm that the needle is 
in the spleen; (s) injection of 2 §O cc. Of 70 per cent 
iodinated contrast medium; and (6) 3 to 4 roentgeno 
grams exposed at I~2 seconds interval, the first 
being taken as soon as { of the quantity had been in- 
‘ected. 

It has been recommended to perform the proce 
dure on the operating table, just prior to surgery, 
but in the 17 cases in this series there were no signif. 
icant accidents to warrant such a precaution. Three 
illustrative case histories are also presented. 


E. R. N. Grigg, M.D. 
GENERAL 


ELLENBOGEN, L. S., Bayer, H., and Gorrties 
, 
M. Roentgen demonstration of gas in the 
fetal circulatory system, a valuable sign of 
fetal death. Radiology, Sept., 1956, 67, 41 
411. (Address: L. Ellenbogen, 1616 
Pacific Ave., Atlantic City, N. J.) 


The roentgen demonstration of gas in the fetal 
circulatory system is a pathognomonic, and perhaps 
the earliest, roentgen sign of fetal death. It was first 
described in 1944 but appears not to be well known 
as less than 30 reported cases were found in the litera- 


ture. It is probable that it would be found with 
greater frequency if it were more widely known. The 
origin of the gas has not yet been determined. 

A case is reported in which the demonstration of 
gas in the fetal heart and in the abdominal and 
umbilical vessels was the earliest roentgen sign of 


fetal death.—Harold C. Hamilton, M.D. 


BoreaAbpis, ANTHONY G., and GERSHON-COHEN, 
J. Aeration of the respiratory and gastro- 
intestinal tracts during the first minute of 
neonatal life. Radiology, Sept., 1956, 67, 
407-409. (Address: A. G. Boreadis, Albert 
Einstein Medical Center, York and Tabor 
Roads, Philadelphia 41, Pa.) 

The presence and significance of gas in the gastro- 
intestinal tract during the first hours of life have 
been discussed by several writers, but none of these 
has dealt with observations during the first minute 
of neonatal life. In the study here reported, roent- 
genographic observations were made on 26 infants 
to ascertain whether pulmonary and gastrointestinal 
aeration occur simultaneously immediately after 
birth. 

The roentgen examination of the respiratory and 
alimentary tract of each infant was made between 
twenty-five and sixty seconds after birth. It was 
found that pulmonary aeration was present in vary- 
ing degree in all infants, but in only 13 was gas pres- 
ent in the stomach at the time of examination. 

The authors conclude, therefore, that aeration of 
the lungs normally precedes entrance of air into the 
stomach. No air was noted in the small or large in- 
testine during the first minute of life-—4. Ra/ph 
Watson, M.D. 


Macut, Srantey H. Use of roentgen rays to 
establish the identity of interchanged in- 
fants. Radiology, Sept., 1956, 67, 404-406. 
(Address: Washington County Hospital, 
Hagerstown, Md.) 


This paper reports the use of roentgen study in 
establishing the identity of 2 infants who were mis 
takenly interchanged. One infant had standard 
posteroanterior and lateral roentgenograms made of 
the chest on the day of delivery because of cyanosis. 
These films showed a prominent right lobe of the 
thymus and § ossification centers in the sternum. 

A few days later another baby bearing the same 
name was admitted to the nursery. The next day 
the mother of the first baby was discharged from the 
hospital and a nurse, not aware of the 2 babies with 
the same name, picked up the second baby and sent 
it home with the mother. The error was discovered 
when the regular nursery supervisor came back on 
duty. The attempt to clear up the mix-up by blood 
types was not possible because both mothers had 
Type O blood, both fathers had Type A, and all were 
Rh positive. The roentgen examination of the first 
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infant was then recalled so similar films of both were 
obtained. The same findings were again present in 
the first infant while the second had a normal thy 
mus and only 3 ossification centers in the sternum. 
Needless to say all were greatly relieved when the 
true identity of the 2 
Donald N. Dysart, M.D. 


infants was established. 


RADIATION THERAPY 
Moos, W. S. Basic aspects of radiation therapy. 
F. Urol., June, 1956, 75, 881-891. (Krom: 
Department ot Radiology, College of Medi- 
cine, University of Illinois, Chicago, III.) 


This article was written primarily for nonradi 
ologists. It deals with the fundamental principles of 
production of radiations as they apply to medical 
practice. 

The author discusses the conception of the atom, 
atomic particles, and types of radiation produced by 
high voltage roentgen-ray tubes, natural and arti 
ficial radioactive elements, the Van de Graaff gener- 
ator and the betatron. The various properties of the 
ditferent wave lengths are discussed briefly and rather 
superficially and the matter of depth dose percent 
ages and isodose curves is referred to in a few short 
paragraphs. 

There are 9 figures and charts to illustrate the 
points mentioned in this paper.—George W. 
berlin, M.D. 


Cham 


CANTRIL, Simeon T. 
ventional 


Supervoltage versus con- 
radiation: A 
cases treated with 


symposium. Two 


kv. and 400 kv., re 
spectively. Radiology, Oct., 1956, 67, 481 
484. (Address: 
Swedish Hospital, Seattle 4, Wash.) 


Tumor Institute’ of the 


The author presents 2 cases, 1 treated with § 
kv. and the other with 400 kv. The first patient, a 
sixty-five year old male, had an extensive primary 
epidermoid carcinoma, Grade 11, involving the right 
lower alveolar ridge throughout its length, with in 
filtration of the entire floor of the mouth and right 


gingivobuccal sulcus and a large metastatic sub 
maxillary lymph node open and draining to the skin. 


A 2.5 cm. area of the right mandible was seen to be 
involved upon roentgen study. 

Supervoltage irradiation was chosen for use in this 
patient for the following reasons: (1) the desirability 
of irradiating the primary lesion and its metastatic 
focus through a single field; (2) the 
irradiating a mandible already compromised by 
infiltration of carcinoma; (3) the 
penetration through the mandible to reach adjacent 
soft tissues; and (4) the planning of later surgery 
within the field of irradiation. 

A depth dose of 4,800 r was given to the deepest 


position of the growth in 37 days through a single 
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right mandibular and submaxillary field of 6X7,¢ 
cm. using 800 kv. (half-value layer 3 mm. Pb). The 
skin dose was 6,035 r. Surgery, consisting of seg. 
mental resection of the horizontal ramus of the 
mandible, together with adjacent soft tissues of the 
buccal wall, and unilateral suprahyoid neck dissec. 
tion was done 3 months after completion of the 
irradiation. Pathologic studies revealed only a small 
area of residual carcinoma in the soft tissue at the 
posterior margin of the buccal wall where it joined 
the vertical ramus of the mandible. Tissue healing 
and functional result was good and to date, over ¢ 
vears later, the patient has remained well with no 
radiation sequelae and with no recurrence. 

The second patient was found to have an extensive 
endocervical carcinoma with a rectovaginal fistula, 
infiltration in the superior vesicovaginal septum and 
a dense bilateral infiltration extending to the pelvic 
brim. The vagina was extremely narrowed. 
kv. (half. 
mm. Cu) was decided upon because of 


External roentgen therapy using 4 
value layer 3.7 
the patient’s anatomic findings and relatively small 
size. Two anterior and 2 p ysterior opposing portals 
of 9X12 cm. with 2 cm. skin separation medially 
were used, giving, In 38 days, a skin dose of 3,00 


at the 


r and 
from the 4 


r per portal, a minimal mid-pelvic dose 
periphery of the infiltration of around 2,4 
a maximum median dose of 4, r 
fields. 

Urinary distress, rectal and intestinal irritation 
necessitated hospitalization of the patient during 
the course of treatment. Improvement was slow but 
continual and 2 months after completion of the 
series the fistula had closed and the patient was 
gaining weight. Examinations over a period of years 
showed a slow resolution of the infiltration and 7 
years after irradiation there appears to be complete 
recovery from what originally appeared to be a hope- 
less condition. Donald N. Dysart, M.D. 
FRIEDMAN, Mitron, Supervoltage versus con- 
radiation: A The 
superior value of supervoltage irradiation in 


ventional symposium. 
special situations: Carcinoma of the mouth 
and carcinoma of the testis. Radto/ogy, Oct., 
1956, 67, 484-497. (Address: 1067 Kitth 
Ave., New York 25, N. Y.) 


The treatment of inoperable carcinoma of the 
breast by three different methods is discussed. 4 
total of 116 patients was treated at Francis Dela- 
field Hospital in the last five years: 21 with 25 
kv. irradiation alone, 46 with combined 250 kv. and 
2-million volt irradiation, and 48 with 2-million 
volt irradiation exclusively. 
kv. with a 


ayer 


The group of patients treated at 25 
target-skin distance of § 


cm. and a half-value 
of 3 mm. Cu received doses of 3,750 r in three and 
one-half weeks throughout the breast, including the 


internal mammary area and the supra- and intra- 
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clavicular area, as well as the axilla. Moist skin 
desquamation, difficulty in swallowing, a sticking 
sensation in the esophagus, nausea and vomiting, 
and fatigue occurred in most of these patients. 

Patients in the second group were treated in a 
combined fashion. Tangential breast fields were 
irradiated at 250 kv. just as in group one. The 
lymphatic drainage areas were treated with a 2- 
million volt unit. Radiation was delivered toa 12X18 
cm. internal mammary port, and another anterior 
port, about 15 X18 cm. in size, to cover the supra- 
and infraclavicular and axillary fields. The tumor 
dose delivered to these areas was 5,000 r in § weeks, 
corresponding to a skin dose of 6,000 r for the internal 
mammary field and 6,125 r to the supra- and infra 
clavicular area. Areas treated at 2-million volts 
showed only an erythema, subsequently changing to 
a tanning and some dry desquamation. The breast 
itself, irradiated at 250 kv., showed painful, moist 
desquamation, with late atrophic changes, fibrosis 
and telangiectasis. 

The third group of patients was treated exclu 


sively by the 2-million volt unit. Tumor doses of 


5,000 r to §,500 r were delivered in five to five and 
one-half weeks through four ports to the supra- and 
infraclavicular areas, including the axilla, the 
internal mammary area, and the two tangential 
breast fields. In some of these patients a mild 
erythema developed, followed by a dry and some- 
times by a moist desquamation. The healing process 
required only three or four weeks, and there was no 
evidence of late atrophy, fibrosis or telangiectatic 
change. There was a marked decrease or an absence 
of troublesome side effects with the 2-million volt 
irradiation. The frequency of radiation pneumonitis 
or fibrosis was about equal in all 3 groups. 

It is concluded that supervoltage irradiation 
offers definite immediate advantages. Too little 
time has elapsed since these patients were treated 
to permit any conclusions as to the far-reaching 
superiority of one method over another.—4. W. 
Sommer, M.D. 


GuTTMANN, J. Supervoltage versus con- 
ventional radiation: A symposium. The 
treatment of inoperable carcinoma of the 
breast with conventional 2§0-kv. irradiation 
as compared with 2-mv. irradiation. Radzto/- 
ogy, Oct., 1956, 67, 497-506. (Address: 
Francis Delafield Hospital, g9 Fort Wash- 
ington Ave., New York Kes 


A number of case reports are presented to demon 
strate the value of supervoltage irradiation in the 
treatment of carcinoma. A case of multiple intraoral 
cancer and 2 types of carcinoma of the testis treated 
by supervoltage irradiation, furnish supporting evi 
dence in favor of this modality. 

The first case, an eighty-six year old male, had a 
squamous cell carcinoma of the dorsum of the left 


half of the posterior portion of the tongue. About 
three and one-half years previously he had received 
irradiation for a squamous cell carcinoma of the right 
glossotonsillar groove. This was irradiated through a 
single portal grid; 250 kv. roentgen rays were em- 
ployed with a half-value layer of 1.5 mm. copper. 
The total dose was 14,700 r (air) in 30 days. About 14 
months previously a second small squamous cell 
carcinoma in the left upper buccogingival sulcus was 
irradiated with 250 kv. roentgen rays through an 
intraoral cone. The surface dose was 7,500 r (with 
backscatter) in 19 days. 

The tongue lesion was treated by supervoltage 
therapy with rotation technique. Using 2,000 kv. 
roentgen rays and target-axis distance of 125 cm., a 
concentrated volume of irradiation was delivered to a 
cylinder § cm. in diameter and 5 cm. high, encom- 
passing the carcinoma on the dorsum of the tongue. 
The total tumor dose was 9,578 r in 39 days. He 
tolerated the irradiation well, with only a first- 
degree skin erythema and an epithelitis which 
healed by the seventieth day. It is improbable that 
this lesion could have been cured in any other way 
than by supervoltage radiation therapy. The heavy 
previous irradiation would have rendered the tissues 
intolerant to interstitial needles or seeds, as well as 
to the irradiation techniques employed for the 
other 2 lesions. 

Seminoma is a radiosensitive tumor. Tumor doses 
of 1,000 r in ten or twelve days will sometimes cure 
metastases from seminoma. However, as occasional 
metastatic lesion may recur with tumor doses of 
2,000 r. In administering this dose to the retroperi- 
toneal lymph nodes, supervoltage radiation has 
definite advantages. Few treatments are required, 
and there is complete absence of skin reaction. It is 
therefore easy to cure widely metastasizing seminoma 
with supervoltage radiation. 

Trophocarcinoma and_ teratocarcinoma require 
large doses of radiation for their destruction. With 
250 kv. rays it is seldom possible to deliver tumor 
doses large enough to control these growths. With 
supervoltage radiation, tumor doses of 4,000 r to 
5,000 r can be administered in 50 to 75 days. Early 
skin reactions are mild, but late skin and subcutane- 
ous changes from supervoltage, radiation, are often 
worse than those from 200 kv. roentgen rays. Various 
types of damage to deeper structures occur. In the 
author’s series 10 per cent of the patients who re- 
ceived §,000 r, or more, to the lower spinal cord or 
cauda equina suffered some damage of the motor 
fibers. Radiation-induced osteogenic sarcoma oc- 
curred in 3 (1.5 per cent) of 200 patients. Various 
types of damage occurred to the stomach in about 
two-thirds of the patients. These risks are warranted 
when no other type of cure exists. 

The reported results show a marked improvement 
in the $-year arrest rate in radioresistant testicular 
tumors treated by radical lymph node resection plus 
supervoltage irradiation. The previous §-year arrest 
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$72 
rate ranged from 10 to 1§ per cent when no lymph 
node enlargements were demonstrable clinically. In 
the author’s series the s-year arrest rate for this 
group was 69 per cent. 

Experience and training are required to realize 
the potential advantages of supervoltage irradia 
tion. A number of pitfalls exist. Dangerously large 
doses of radiation may cause serious or fatal damage 
to normal structures.—4. W. Sommer, M.D. 


Watson, T. A. Supervoltage versus conven- 
tional radiation: A symposium. Comparison 
of conventional and supervoltage radiation 
in carcinoma of the bladder. Radiology, Oct., 

67, 506 (Address: University 

Hospital, Saskatoon, Saskatchewan.) 


1956, 


S09. 


The case histories describing the course and _ ul- 
timate result in 3 cases of cancer of the bladder 
treated with 400 kv. rays, cobalt 6 
telecurietherapy, and 23 mev. roentgen rays, are 


roentgen 


presented. All the patients were males in the seventh 
decade, declared inoperable by the urologist. All 


were free of their original disease at the time of 


presentation of this article. (It is stated, however, 
that the majority of cases of cancer of the bladder 
thus treated are, unfortunately, not cured of their 
disease.) 

The first case presented was that of a sixty-one 
year old male who had a poorly differentiated car- 
cinoma of the bladder. A tumor dose of §, r was 
delivered over a period of 35 days by means of 4 
kv. external irradiation. Seven and one half years 
later this patient’s general health was good, but he 
had urinary diurnal frequency. The last cystoscopic 


examination (performed about two and one half 


years after original treatment) revealed a small 
scarred bladder with patchy areas of vascularity. 

The second case was that of a sixty-five year old 
male who had a Grade ur squamous cell carcinoma 
of the bladder. A tumor dose of 5,500 r was ad 
ministered over a Ig day period by means of cobalt 
radiation with conical rotation fields both front and 
back. Intermittent burning on micturition was pres 
ent for one month No com 
plaints were elicited on the last examination about 
2 years following initial treatment. 


following treatment. 


The third case was that of a sixty-seven year old 
male who had a Grade 1 transitional cell carcinoma 
of the bladder. A total of 5,500 r at 0.5 cm. 
delivered to the tumor by means of radon seed im 
plantation. Recurrence was later noted, and was 
treated with a tumor dose of 6,600 r by means of 
23 mev. betatron through 4 treatment fields over a 
twenty day period. The only constitutional effect 
noted during treatment was a diarrhea of 2 days’ 
duration. 


Was 


In the author’s opinion, the patients treated with 
supervoltage therapy were more comfortable during 
and after treatment, skin reactions were nonexistent, 
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and the ultimate result was far better with such 
therapy than that obtained with 400 kv. therapy. 
He states that a marked improvement in the treat- 
ment of carcinoma of the bladder has taken place 
with the advent of supervoltage irradiation.— 


A. Ralph Watson, M.D. 


Vieren, Heinz. Die Roéntgenbestrahlung als 
unterstutzende Massnahme bei der Behand- 
lung des Sudeckschen Syndroms. (Roentgen 
irradiation as supportive therapy in manage- 
ment of Sudeck’s atrophy.) S¢rahlentherapie, 
Aug., 1956, 700, 561-566. (From: Roéntgen- 
institut der Chirurgischen Klinik der Medi- 
zinischen Akademie, Diisseldorf, Germany.) 
Small, repeated doses of roentgen rays applied 

early in the course of Sudeck’s atrophy relieve pain 

quickly. Doses are individualized, but range from 

5 r to the involved portion of the extremity 

and up to 200 r to paravertebral region at the seg- 

mental level of the vegetative nerve trunks con- 

cerned (180 kv., 0. mm. Cu filter, 4 

skin distance, and § 


50-10 


cm. focus 
r/min.). These single doses 
are repeated six times at intervals of 3-7 days and 
then no radiation therapy is administered for 2-3 
months. Thereafter the series of treatments may be 
repeated. 

The patient’s pain may be increased shortly after 
the first treatment; this reaction should be avoided 
by using small doses early in the series. The mech 
anism of benefit from radiation is assumed to be the 
relief of anglospasm via effect on vegetative nervous 
system, and thus improvement of the local blood 
supply. 

Radiation therapy has no place in the late stages 
of Sudeck’s atrophy.—Henry G. Moehring, M.D. 


BORNER, WILHELM, Nerr, Vikror, RIEMANN, 
HetmMur, and Ketix. Die 
Wirkung von 180-kV-Ro6ntgenstrahlen und 
6-MeV-Elektronen auf das 
der Ratte. (The action of 18 
rays and 6 mev. electron beam on the testicu- 


WACHSMANN, 


Hodengewebe 
kv. roentgen 


lar tissue of the rat.) S/rahlentherapie, Sept., 
Medizinische 
Universitatsklinik, Erlangen, Germany.) 


1956, (Krom: 


This investigation was concerned with the eftect 
of roentgen and electron beam irradiation of the 
testes of 200 sexually mature, young albino rats. 
With the body of the rat shielded, single doses of 
r of 18 


1§0, 200, 300 and 4 kv. roentgen rays or 
6 mev. electron beam were given to the rats’ testes. 
The testes were then studied microscopically at 7, 
1s, 30 and 60 days after irradiation (§ rats were in 
each of the above subgroups, and 10 rats served as 
unirradiated controls in each of the 7, 15, 30, and 


60 day groups.) Radiation effect was measured by 


the relative frequency of spermatozoa and spermat- 
ogenic cells in the seminiferous tubules. 

In general, the damaging effect, for each dosage 
level, was greater from the electron beam than from 
the roentgen irradiation; and the regeneration sub- 
sequently was greater in the testes irradiated by the 
electron beam than in those subjected to roentgen 
irradiation. 

This difference in biologic effect between the two 
irradiation methods used should be of therapeutic 
interest. Henry G. Moehring, M.D. 


Wricut, K. A., Granke, R. C., and Trump, 
J. G. Physical aspects of megavolt electron 
therapy. Radiology, Oct., 1956, 67, 553-561. 


(Address: K. A. Wright, Department of 


Electrical Engineering, Massachusetts In- 
stitute of Technology, Cambridge, 39, Mass.) 


Directed streams of electrons with controllable 
energies in the 1 to 3 mev. range have been found 
uniquely suitable for the treatment of radiation 
sensitive disease at the skin. In this paper the auth 
ors have reported on the physical aspects of such 
megavolt electron therapy, including particularly 
the techniques of electron irradiation of small and of 
extensive skin areas, the dose distribution below the 
skin, the reduction of accompanying whole-body 
x-irradiation, and the avoidance of possible acciden 
tal overexposure. 

In the four years prior to this report, about 1¢§ 
patients with superficial disease have been treated 
with megavolt electrons: 60 of the cases were 
mycosis fungoides, often involving the entire skin 
surface. In many of these, the capabilities of con 
ventional therapy had been exhausted; yet the re 
sponse to electron therapy was dramatic. In general, 
no lesion within 1 cm. of the skin was encountered 
for which treatment with electrons was not found 
to be technically feasible. 

It is strongly recommended that interested readers 
refer to the original article for further details con 
cerning this interesting and unique method of treat 


ment.—A/. R. Watson, M.D. 
RADIOISOTOPES 


Fiuick, F. H., SHerries, L. B., and Taytor, 
H. C., Jr. Clearance of radioactive sodium 
from the cervix in women with normal 
menstrual cycles, primary dysmenorrhea, 
and nonorganic pelvic pain, and in post 
menopausal individuals. dm. F. Obst. & 
Gynec., June, 1956, 77, 1176-1181. (Krom: 
Department of Obstetrics and Gynecology, 
College of Physicians and Surgeons, Colum 
bia University, and the Sloane Hospital for 
Women, New York, N. Y.) 

Twenty-one asymptomatic women with normal 
menses, 8 asymptomatic postmenopausal women 
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6 women with primary dysmenorrhea, and 9 women 
with chronic pelvic congestion were evaluated by 
means of Na*™ clearance from the uterine cervix. 
Na™ solution was injected into the parenchyma of 
the cervix and radioactivity was measured utilizing 
a Geiger counter in contact with the cervix. 

The tabulated results indicate values in the normal 
individuals of a decrease to 50 per cent of the original 
activity in 3X10 minutes with an average 10 minute 
count of 23.8 per cent. The values in those patients 
with primary dysmenorrhea and chronic pelvic con- 
gestion were not appreciably different from the nor- 
mal. The clearance time in the postmenopausal group 
was significantly longer than normal and the 10 
minute per cent activity was higher.—George Robert, 


BECKER, Joser, and ScHEER, Kurt Ernst. 
Klinische Betrachtungen zur Isotopenbe- 
handlung der Karzinome des Verdauungs- 
traktes. (Clinical considerations on the 
treatment of digestive tract carcinoma with 
radioactive isotopes.) Strah/entherapie, June, 
1956, 700, 184-191. (From: Czerny-Kranken- 
haus ftir Strahlenbehandlung der Univer- 
sitat, Heidelberg, Germany.) 


A general discussion of interstitial and intra- 
cavitary application of radioisotopes to supplement 
conventional radiation therapy of digestive tract 
carcinomas concludes with the conviction that 
clinically worthwhile prolongation of life is thus 
possible. This conviction is strongest about car- 
cinomas of the esophagus, rectum and _ sigmoid 
colon.—Heury G. Moehring, M.D. 


Sot, Fine, ARcHIE, and RosenBERG, 
Lee S. Immediate and continuous uptake 
studies of I'*! in the diagnosis and treatment 
of hyperthyroidism. Radiology, Oct., 1956, 
67, 544-552. (Address: S. Taplits, The 
Jewish Hospital, Cincinnati 29, Ohio.) 


The authors have developed a rapid immediate 
uptake test for I! administered by the oral route. 
\ scintillation counter is employed, affording a 
continuous recording of thyroid radioactivity for 
one-half hour after administration of I'*!, by means 
of a ratemeter to which an Esterline-Angus recorder 
is attached. A curve is obtained representing thyroid 
uptake plotted against time. The slope of this line, 
which approximates a straight line in nearly all 
cases, is measured and the angle of slope is then 
expressed as a percentage of a go° angle. Factors 
which may influence any individual curve must re- 
main constant. In interpreting the slopes of the 
immediate uptake curves, a slope of 30 per cent or 


less is considered to be in the euthyroid range, and a 
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slope of 33 per cent or more to be in the hyperthyroid 
range. 

The findings in 389 patients, who underwent 516 
combined immediate and twenty-four-hour uptake 
tests, were analyzed. There was agreement between 
the immediate and twenty-four-hour uptake tests 
in 366 of 384 (95 per cent) studies on patients who 
were not under the influence of iodine therapy or 
antithyroid drugs. In patients who were receiving 
iodine therapy or antithyroid drugs, the actual 
clinical condition of the thyroid was reflected more 
accurately in the immediate tests than in the twenty 
four-hour study. Hyperthyroid patients tested 
about two months after the I'*' therapy showed 
agreement between the 2 tests in 96 of the 107 pa- 
tients, or gO per cent. 

The test is recommended as a rapid diagnostic 
method for differentiation of euthyroid from hyper- 


A. W. Sommer, M.D. 


thyroid patients. 


MISCELLANEOUS 


ScHUBERT, G., KUNKEL, H. A.,Overseck. L.» 
and Unimann, G. Untersuchungen zur 
experimentallen Krebsauslosung durch lokale 
8-Strahleneinwirkung. (Investigations of ex- 
perimental production of cancer by local 
effect of beta-radiation.) Strah/entherapie, 
July, 1956, 700, 335-351. (From: Univer 
sitats-Frauenklinik, © Hamburg-Eppendorf, 
Germany.) 


Glass beads containing beta-emitting in 


1.5-8§ microcurie strengths were implanted sub 
cutaneously or into the peritoneal cavities of 214 rats 
(plus a control series of 85 inactive bead implanta 
tions). The frequency of development of skin and 
subcutaneous tumors bore a direct relationship to 
the logarithm of the radioactivity of the subcutane 
ously implanted beads. The average latent period 
between the subcutaneous implantation of the beads 
and the appearance of the tumors bore a direct 
relationship to the radioactivity of the beads. A 
graph of time required for overlying epilation plotted 


/ 


against the radioactive intensity of the beads jis 

hyperbolic. 

The intraperitoneal implants wandered in the 
peritoneal cavity so that miscellaneous tumors of 
various structures developed; however, 10 primary 
hepatic tumors arose. The apparent mechanism was 
(the authors could find no evidence of Cysticercus 
and thus feel that the neoplasms did not represent 
examples of that type of hepatic tumor): somehow 
the bead localized next to the liver; the chronic 
radiation insult caused degenerative and then in- 
flammatory changes at the hepatic surface, and 
then adhesions fixed the bead to the liver; thereafter 
hepatic cellular necrosis, surrounding hyperemia, 
and hematoma formation occurred; finally hepatic 
cell carcinoma developed in the margins of the 
hematoma.—Henry G. Moehring, M.D. 

Orren, Hans, and PArzo_p, CurisropH, 
Konservierung von Kartoffeln nach Einwir- 
kung von Rontgenstrahlen. (The preserva- 
tion of potatoes after irradiation with roent- 


162-157. (From: Institut fiir Pflanzenbau 
und Saatguterzeugung der Forschungsanstalt 
fiir Landwirtschaft Braunschweig-Vélken- 
rode and Réntgenabteilung des Stadt. Kran- 
kenhauses, Wolfenbittel, Germany.) 
Medium sized potatoes were irradiated with 100 
1,000 and 7,000 r (180 kv., 0.7 mm. Cu at 40 cm: 
focus-potato distance). As compared with controls 
100 r was without effect, 1,000 
r almost completely 


r moderately in- 
hibited sprouting, and 7,00¢c 
inhibited sprouting. 

Some influence on vitamin content must be ac- 
cepted; changes in the taste of the potatoes could 
not be demonstrated; no risk of toxic radiation 
products was observed. 
potatoes, while effective in inhibiting sprouting, is 
not economically practical. This method of potato- 
preservation may soon become practical however, 
with the increasing supply of radioactive isotopes. — 


Henry G. Moehring, M.D. 


Roentgen irradiation of 


} 
ae gen rays.) Strahlentherapte, Sept., 1956, 707, 


